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COMPACTING IN ONE-HALF THE SIZE 
—Every Striking Feature of the Larger TAG Recorders 


Providing a Full 9’ Chart with the Unusually Long 
Pen Travel of 3 5-16 Inches 


The beauty of the redesigned, new Rectangular Case for all TAG Recorders gives a finishing 
touch to a superior line of instruments which, for many years, have merited an outstanding 
place in successful performance. 

Occupying one-half the space—with every brilliant feature found in the larger ten and 
twelve inch chart Recorders—TAG has made still another step forward with the development 
of the compact Recorder illustrated . . . It has a nine inch chart and long pen travel— 
3-5 /16 inches. 

The interchangeable stainless steel tube system — the lifeline of all TAG Recorders — is 
laboratory-calibrated at the factory. Tried, approved and standardized . . . It can be replaced 
readily, and need be checked at one temperature only, without the necessity of recalibrating 
all points of the range. 

Ask for your FREE copy of Bulletin No. 1178-!, which describes these compact Recorders and 
Controllers, and the TAG Catalog No. 1060-!, which illustrates the larger ten and twelve inch 
TAG Instruments. 
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V4 AT Secrest Refinery 


ulverized Coal Fired Boilers by 
Fuel Alone During First Year 


@ Actua! results obtained by the application of 
Bailey Meter Control to two 35,000 Ib. per hour 
capacity, 250 lb. pressure pulverized coal fired 
boilers are evident from this tabulation pre- 
pared by Mr. Frank C. Staples, Plant Manager 
at the Sucrest Sugar Refinery, Brooklyn, N. Y. 


From March, 1936 through December, 1936, 
boilers were operated manually in accord- 
ance with meter readings. Beginning in Jan- 
vary, 1937, boilers were automatically operated 
at test efficiencies by Bailey Meter Control. 


During the year 1937, this installation of auto- 
matic control produced fuel savings which alone 
amounted to 122% of the cost of the control. 


The installation of COMPLETE combustion con- 
trol on the boilers in your power plant is one of 
the few “High Return” investments open to your 
company today. Send for your copy of the new 
Bulletin 102-B describing Bailey Meter Control. 


BAILEY METER COMPANY 
1041 IVANHOE ROAD A-43 CLEVELAND, OHIO 
Bailey Meter Company Limited, Montreal, Canada 
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FALSTROM.2*PANELS 
...ready for instruments 


Completely cut out and finished 


‘© your most exact specifications. 
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Write for bulletin P-10 giving complete panel information 
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Combustion Instrumentation 





N this special issue, automatic combustion con- 

trol systems are described—each by an engi- 

leer associated with its development. You will 
discover With pleasure that these descriptions are 
oncise, clear and—with regard to basic principles 

comprehensive. The authors (and several be- 
hind-the-scenes assistants with a flair for pres- 
entation) deserve Industry’s thanks. 

Now, then, how many combustion control sys- 
ems do you think there are?... So did we, up to 
last summer: we thought that there were more 
than fifty manufacturers of miscellaneous com- 
bustion control devices but fewer than a dozen 
“full-automatic” systems. You will find, on pages 
228-254, seventeen different makes of automatic 
systems. 

This symposium was first planned several years 
ago and definitely decided upon one year ago. Last 
May we sent formal invitations to thirty-three 
manufacturers, and since then to four more—to 
a total of thirty-seven whom we found in all 
sources of information known to us. 

37—17—20, but this does not mean that we re- 
lected twenty manuscripts. There are only two 
real absentees: one firm, new in the field, is not 
ready to publicize its system; the other, old in the 
field, doesn’t want to publicize its old system be- 
cause it is developing a new one. A majority of 
the other eighteen replied that they did not manu- 
facture “automatic combustion control systems” 

and only a minority sent us manuscripts in good 
faith—in the belief that their products qualified. 
Only in the case of this minority were the descrip- 
ions “rejected’’—not arbitrarily but because the 
products described did not qualify as ‘‘automatic”’ 
or as suitable for “combustion” control or as a 
“control system.” The authors themselves found 
these reasons for rejection to be valid because 
based on simple definitions, the liberality of which 
s self-evident : 

In the first place, we did not limit ‘“combustion”’ 

steam-boiler furnaces: we threw our columns 
pen to descriptions of all systems for the auto- 
natic control of the combustion process wherever 
his process finds industrial applications. 

Even our most rigid requirement—automatic- 

is so simple that there can be no two ways 
' looking at it: if a system does not command a 
ilve, rheostat, damper, etc., in order to hold at 
ast one combustion condition at a predetermined 
ilue, it obviously isn’t automatic. The most won- 
rful array of autographic recorders, automatic 


+ 


gas analyzers, etc., isn’t automatic control. Nei 
ther is a system of the most modern remote con 
trols which are manually commanded. 

Then, too, a system equipped to control the com 
bustion process must naturally start with a meas 
uring element responsive to a utilizable effect of 
this process. 


(It is to the credit of some manufacturers of draft 
lators whose names appeared under “Combustion Cont 
on various lists we used, that they saw this point and t 


us that they did not qualify.) 

Finally, the system must be for combustion co 
trol—not for the control of room-temperature o1 
other indirect use of B.t.u’s. 


(And it is to the credit of manufacture oT the 
stats, time switches, ete., whose names appeared unde 
“Combustion Control’? on various lists we used, that the 


saw this point and told us that they did not qualify.) 


The articles on the following twenty-seven 
pages have been boiled down to descriptions. In so 
doing we had to strike out some interesting dis 
sertations on the benefits of combustion control. 
It had to be done, because most of these disserta 
tions, being general, repeated one another. That 
was particularly true of the manuscripts on boil 
er-furnace combustion control systems. In the 
case of other applications, we left standing se\ 
eral sentences not purely descriptive of the con 
trol svstems but definitely pertinent. 

After reading all articles, the conclusion which 
inevitably emerges is that automatic combustion 
control has definitely become a branch of Instru 
mentation. Nine of the seventeen systems de 
scribed on the following pages were developed and 
are made by firms definitely classifiable as instru 
ment-makers; five of the eight others are products 
of the instrument-making departments of diversi 
fied manufacturers. 

Not many vears ago, an acquaintance of ours 
who makes combustion control systems begged us 
not to call him an instrument manufacturer be 
cause he thought it would hurt his sales among 
power plant men who—he thought—wanted “he 
man systems, not delicate instruments.” We be- 
lieve that most combustion engineers among out 
readers will take the opposite view—if not offhand, 
then after reading the following pages. They will 
want modern instrumentation jobs, knowing that 
industrial instrumentation combines laboratory 
accuracy with machine ruggedness. 

Automatic combustion control is Combustion 


Instrumentation! 
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The Askania System 


By H. ZIEBOLZ 


Vice-Pres., Askania Regulator Co. 


INCE combustion control represents one special field 
within the large province of automatic proportioning, 
Askania combustion control systems are made up chic fly 
of standard Askania automatic ratio control elements. 
Only the principles will be described in this article. For 
vity'’s sake, no construction details will be gone into 
lor simplicity’s sake, all diagrams but the last will show 
orifices representing gas and air flow measurements 
Che usual purpose of automatic combustion control is 
» establish a desired ratio between fuel and air. This 
ratio can be maintained constant for different rates of 
How or can vary as a function of the primary flow or 


proportionally to another variable, which in turn is a 
function of this ratio. (For example, superimposed cor 
ction by the COz content of the products of combus 
on 
The basic form of a combustion control is a flow con 
trol, the setting of which is varied in relation to another 
variable. Fig. 1 shows the control unit A which re sponds 
to the flow through line 1 as metered by the orifice and 
which positions a piston P in direct proportion to the 
How across the orifice plate in’ lin 
1. By means of a cam and an adjust 


bye spring t he regulator unit B, 
} 


which re presents the How control gov 
erning the rate of flow through line 2. Ne =n 


reset in accordance with the rate 
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of flow in line 1. Evidently any ratio between t 
Hows can be obtained by proper cam shape. 


If the two differential pressures are to be d 


proportional to each other, it is possible to elimin \ 
and apply the differential pressure obtained fr 
orifice in line 1 directly to balance the differential 
sure in line 2. See Fig. 2. As both differentials « 


with the second power, the maintenance of a con 


ratio between them will mean a constant ratio bet 
the respective flows 

An Askania ratio slider, Fig. 3, built between th 
diaphragms together with a second lever, permits 
to-1 range of adjustment of the ratio between t! 
differential pressures. 

| Yr such i control S\ stem to tunction prope rly it 
rates of flow, it must be extremely sensitive to 
variations in both of the measured differentials. 
these change with the second power of the rate of 
If, for instance, the maximum differential is 1” of w 
the impulse at 10% flow will drop to 0.01”. An ert 
0.01” will then amount to about 40% error in flow 

For wider ranges, instead of util 
constant-area orifices with variabl 
ferentials, the controls embody varia 
area orifices with a constant pres 
drop across each orifice. Butterfly va 


calibrated through a certain rang 
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mav be used as variable 





orifices. In Fig. 


\ maintains a constant differential across 


[he position of butterfly C varies in direct pro 


» the movement of butterfly B. The ratio re 


maintains the ratio 

yrifices. Such an 
ent permits (with 
ssary precautions 
g ird to Reynolds 
rs) comparatively 
inges tor the flow 
the ratio control. 


possible to go one 


— 


ther and provide two 
dent variable orifices 
heir positions as a 
i measuring the re 

Hows. Such a layout 

inv desired range 
ny specified ratio of 
ir as a ftunction of 
( ol How ot either 


t} 
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idvantage of possible 


is the differential pressures 
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correction factors have 
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rrection tactors are simply ipyp 


OT thre ratio slider. Th 
we ratio of the Opposing Torces 
» the logarithmic characteristic of 


we iriables. lig. 5 


her rates of flow are 


ires and pressures of 


oil, or in the B.t.u. 
hese variables. In. the 
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differentials across 
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the Askania rat 


irrangement, a plurality of correction factors 


ntroduced by merely adding 


movements. Fig. 6 shows 


istment of A, B. and (¢ 


t the factors bv which 


combustion control problems 
for controlling the ratio 


of gas, rather than the 
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ntroduced when utmost accuracy is required 


instrument the corrections for 


Ire are usually 
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ogarithmically 


combined in one 


principle: chang 
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the value of 


differentials 


tric pressure and temperature corrections have 
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The Bailey Meter System 


By H. M. HAMMOND 


Mer. Sales and Engineering, Bailey Meter Co 


| \ « Bailev Met Companys systen f automatie the steam flow and the air flow pens are not 


tion control thre ruts inding feature is that it mnount As long is the records coincide and do n 


porate it Bailey steam flow-air low meter*® which rate the pilot valve remains in a neutral position, » 
t ssary re 1d] istnen n fuel or air auto the air flow record rise above the steam flow record 
nd continuously cating too much excess air, the steam flow-air flow 
of fuels burned on stokers, the boiler mete. valve will move slightly, thus changing the loading 
rporated in the system to automatically readjust sure sent to an averaging relay, Fig. 3. This rela 
tok peed, thereby controlling fuel feed. In the cas designed that the pressure sent out by it to the 
{ } ned in suspension, such as pulverized coal, oil draft control drive is the algebraic sum of. the 
1 gas, the boiler meter is arranged to automatically pressures received from the master pilot valve 
{just the air supply steam flow-air flow pilot valve. Therefore, any « 
gy. 1 shows a typical application of Bailey Meter in loading pressure sent out by the steam flow-air 
to a large high-pressure boiler. This particula pilot valve will bring about a readjustment in the 
lrawing represents the application of combustion con tion of the uptake draft control drive and bring th 
perheat control, and three-element feed water How-air flow pens of the boiler meter back toget] 
ntrol to two 1350-Ib pressure, LOO .000-1b hr. « Apia the desired combustion conditions. 
tv. 935 | pulverized coal-fired boilers at the Rivesvill The aver ving relav is so designed, however, tha 
Station of tl Monongahela West Penn Public Servic loading pressure from the steam flow-air flow pilot 
‘ is throttled through a bleed valve so that its effect or 
\ ndicated on the lavout, fuel feed and induced relav is slower than the effect of the loading pri 
lraft are controlled simult ineously from steam pressure 
Ina 1 drat is automat illy re idjusted by ste im flow 
How ratio as measured by the boiler meter. Forced MORE OR FORCED DRAFT BY STEAM PRESS 8 F 
lraft is automatically readjusted from furnace draft to of R : anlg 
tintain the desired value. MORE OR LESS IN f RAFT BY STEAM 
\ master steam pressure controller connected to the RESSURE AND STEAM FLOW-AIR FLOW 
. HYORA PLIN NTR VALVE 
im steam hie ice r €o iblishes in ir loading pressure . ‘ P RAF AN H 


rrresponding to steam demands. This is accomplished 


wv the free-floating air pilot valve, Fig. 2, which is con 
nected to a pressure coil in the controller. 


This air loading pressure established by steam pres 
sure functions to control fuel and air simultaneously 
with changes in load. However, it may be nece ssaryv { 
readjust the air slightly to maintain the correct fuel-air 


icient combustion. This is ac complished by 





neans of the boiler meter: A pilot valve is connected by 


linkag so that it is actuated only when the motions of 
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‘om the master steam pressure con 
ller. This gives the master pres 
re controller precedence over the 
im flow-air flow re idjustment. 

At the Rivesville Station, control 
induced draft is accomplished 


hrough the regulation of fan speed 


iione. Constant spec d motors. are 


onnected to the fan by variable 

ed couplings manufactured by thx 
Hydraulic Coupling Corp. Fig. 4 
hows the arrangement of control 
quipment for regulating the amount 
hydraulic coupling and thereby con 
speed of the fan. The flow of oil 





1P LARGE ENOUGH inns OLE STEAE 


long as they ar equal the air pressure applied to valves 


valves closed, maintaining 
Tage a 
PLAIN SLEEVE content of the coupling constant 
we load ressur 
oading pressure expands 
and causes the air pilot valve 


applied to valves 1 


£- ANNULAR PORT 
f. 


increase fan speed. The fan speed will continue 


o: SY SPRING 


Nias AND WASH. 
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opening valve 








~ 


CWA 


om the hydraulic coupling is controlled by 


} 


ley diaphragm opt rated valves 1 and 


ii’ pressure est iblished by the control 


ves ] and 2 are closed as long as 


spe é d. V ilve 


) 


rease thre speed and valve 2 opens to 


ed 


‘oduces the desired output 


For proper control of a coupling driving a 


essary to maintain the fan speed direc 


the control loading pressure. This resul 


} 


connecting the large diaphragm of the fan speed con 


roller across the fan or boiler to measure 








low and the metal bellows is connected 


) iding pressure ; 





air flow or gas 
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ble throttling range 


idjustable rate of auto 
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ed control, which 


iit ihove require 


epresents one met! 


LIST AC orily iccomM 
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Standard, with nar 


Ung range 
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range 
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The Bristol System 


By OTTO J. LEONE 
Bristol Co. 


Third, a controller 





= 


relay may be of any form, from a relatively powert 
Bourdon tube to a relatively feeble diaphragm, flo 


lectric-instrument movement, ete., since its only c 


subjected to any torque. 
Fig. 2 shows the arrangement used to control flo 


tio between two fluids, such as fuel and air. Two flow 


fices in ¢ ich ot it fluid lines are connected togethe r | 
i ratio link. A free-vane system in one of the cases mail 


tains the ratio set on a graduated dial. 
















































6 An adjustment of the lever ratio betw 


isuring element and the free vane, whereby 


t controll r has been installed ind while it 18 
} 


tion, the operator can adjust the relation betwe 


j ] 
Chang nm con rolled \ iriable ind pr reenl chang 
iir-operated Unt thre controller can ¢t 
direct- or reverss icting. 


The Reset type illustrated 
1 embodies, as its designati 
pli Fe 
7) An anti-hunting featur: 
ignated by various terms in 
cal literature but usually call 
tomatic reset, and “officially 
fined as follows: “‘An_ autor 
mechanism which temporarily 
ifies the relation between meas 
element and relay, which e . 
into play only while the contr 
variable is changing, which proj 
tions its corrective action to 
rate of such change and w 


raises or lowers the point of ba 


sionade 


in accordance with increases or d 
creases in process demand.”’ Also 
8) A means whereby the sp 
of this automatic-reset action can 
idjusted fter the controller h 
been installed and while it is in 


eration. 


he 1 


veasuring element which actuates the pilot 
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| function is to position a vane which at no tim 


| 1 


er bodies which measure the differentials across or 
+] 








scaling of the work in an industrial furnace no power to ve th notion of tl 
yrevented. the ratio controller shown in Fig. 2 tarded: this is desirable for rnace pres 
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The Brooke System 


By JAMES S. MERRITT, Jr. 


Engineer, Brooke Engineering Co. 
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is used to control 


line. 

In this 
aa only certain 
~ Main fuel line 
cations are s 


} 


Air-operated control valve 
because the 


that 


believes 
ipplicat ions 
been under-c: 


led. The cont 


ems ce scribed Are adapt ible to othe r types ot } 


1 


equipment than the furnaces illustrated. 


lraft fan turbine or, if fan is constant-speed-m 
driven, by varying damper in fan outlet (damper 
shown). Furnace draft is maintained constant by 
operation of boiler outlet damper and also by contro 
induced draft fan speed if the latter is turbine dri 
[wo mercoid switches applied to the shaft of the 
nace draft regulator control the forward or reverse n 
ment of motor unit 7, which does not move unless b 
uutlet damper approaches either the shut or wid 
position. In this way induced draft fan speed is alw 
maintained slightly in excess of that required. 

Gas flow through the boiler is measured across the 
two passes. The differential is applied to the left-ha 
side of bell floats 3. An increase in flow tends to rot 
bye IIs clockwise about pivot \ smal] tachomete r blow 


is driven from the stoker mechanism and pressure rr 


this blower is applied through orifice to right-hand s 
of bells 3. Compensated pressure from motor unit 4 
ipplied to top side of bell. 

Upon a drop in steam pressure, more air pas 
through the stoker and boiler. Increased flow makes b« 
floats tilt clockwise, closing electric conteet and causil 
motor unit 4 to increase stoker speed. Pressure fr 
tachometer blower 5 is correspondingly increased unt 
it is sufficient to balance increased differential on let 
hand side of bell, breaking contact to motor 4 and st 
ping further movement. 

I.very time motor 4 runs, a small fan attached to one « 
of its shaft applies pressure or suction (de pending upon dit 


tion of rotation) to upper right of bells 3, checking furt 


movement and preventing overtravel As bells 3 have relat 


vy large area and will operate upon change in pressure 
OOS water column, this fan on motor 4 has a positive ( 

pensating action. This type of compensation is frictionless 

does not interfere with rapid movement of motor 4 if 


mas been a sudden large chat re in load 


[Inasmuch as the boiler air flow pressure differenti 


measured on the left-hand bell varies as the square « 


the flow, and inasmuch as the pressure from blower 






































s the square of the stoker speed (which is zero stallation, made about two vears ago. before t yf 
flow is zero) the square factors of fuel-feed indicating lights on the par Wis non pract I 
nt and air-flow measurement cancel out. Thus lator in top center operates the stok mnt \ 
re-root cams or equival nt devices are required valve D\ means { sprock | iain \ T 
feed is proportione d to air flow in accordance lower, driven from stok s t shown in 
wwements of simple balanced bell floats right 
ike care of changes in quality of fuel, the oper (hus, all the essentials of { ; nit 
in increase or decrease stoker speed with relation ybtained in the st dire nner. All gula 
flow by adjusting valve 6 which is normally mount equipped with hand-auto-switches and pilot ligh 
the boiler control pane l. Op: ning this valve de ur ratio 1S ¢€ isily idjusted from the boiler pan 
ee a 
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t reases effective stoker speed, 7 | e Se ee re! Rane ae : 
: pee”; s I 
0 ., causes stoker to run fas [7 / \.-78 
ter for a given air flow. 
lig. 2 shows the method pa 
=f 
f applying this system to “_ 
: 1 ; 1 Sregm Peessvee 
several boilers. Item 18 is a 
I xg 4 
small blower driven by i 
1 h.p. constant speed motor. If steam pressure drops, 
regulator 1 closes damper increasing master pressure 
1 ” 
Master pressure varies between approximately |,” and 
114” water pressure. Inasmuch as regulators 2 are 
it equipped with electric motors the master pressure is a 


pilot pressure only and high-pressure air is not required 


Pres 
draft 
dirt is carried 
Piping 
isured by 


low-pressure air has the following characteristics: (a) 
changes are transmitted almost instantly, 
re; (b) There is no condensation, and so little 


dj ure iS in l 


hrough the pipes that strainers are 
(d) Since air 
lifferential pressure, a master pressure of like m ignitude per 


unnecessary; (C) 


is easily made; flow is to be me 


ork 


nits direct balance against air flow or tachometer pressure if 


uch arrangement is desired; (e) Supply of low-pressure air 
extrem 


obtained from a motor-driven blower set of 


implicity and dependability. 


n be 


The rest of the system operates exactly as previously 


lescribed. In addition, however, Fig. 2 shows remote con 


trol switches, one for each motor unit. In practice, these 
switches are each equipped with two bull’s eye lights 


Uhese lights are normally lit and by blinking indicat 
to the operator: 


1) That electric current is on that particular motor unit 


2) Whether the motor unit is in balance 
3) If the unit is not in balance in which direction it ij 


ving and approximately how fast it is moving 


4) When the unit reaches the limit position 


The hand control switches enable the operator to hand 
et the regulator in any desired position or place it under 
tutomatie control. 


Fig. 3 shows a view of a large stoker-fired boiler in 
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The Brown System 


By H. M. SCHMITT 


Engineer, The Brown Instrument Co. 


ROWN Boiler Regulators are manufactured by the tor increases the opening of thi uptake dan 
National Regulator Co iso a division of the speeds up the stoker by idmitting more stea 


Minneapolis-Honevwell Regulator Co Chev were sold stoker engine Che over-fire regulator respond 
| the trade name of A-Jacks for more than twenty change in the uptake damper position and 


more alr to enter thie combustion chamber to 


steam pressure regulator, Fig. 1. and the ove1 increased fuel requirement by opening the 
{ vy draft regulator, Fig. 2, are designed for applica valve in the steam line to the turbine driving th 
nde. LOO0O 1) generating stean it lratt fan In the case of i constant speed Lor¢ 


fan, the over-fire r 
may be connected 
damper in the forced 
duct as shown by the 
line Se 

In power plants 
several boilers connect 


the Same header, as 





steam pressure regulat 
be used to operate th 
take dampers and fuel 


on all boilers whil ma 





ual over-fire regulators 
trol the air supply to 


combust ion chamber ¢ 


boil is 














| 
' 
Fig. 1 (left). Brown steam pressur 
lator. The curved rod is part 
justable compensator which contri 
throttling range 
Fig. 2 (center). Brown over-fire 
regulator. In this controller, the 
hunting feature is a throttling scr 
tween governor and cylinder 
Fig. 3 (below). Schematic drawing 
steam pressure regulator, A, and 
i over-fire regulator, B, as applied 
| boiler equipped with a= steam 
| 4 oy > stoker and a steam-driven forced 
| >» » 1 tar 
| pressures Tro Ze) ) 900) Ibs. The pis ons ettec © 
| , ea _ 
| tive irea approx I? in ire ope rated directly ‘ oe ——<— 
' . J 
fror boiler pressure, thus minimizing auxiliary 4 » | 
| y 4/1 6 » | 
equipment and piping and providing ample motiv y 
| 
power, | exhaust steam from the evlinders & 
| +] ] ] ] r t 
| passes between the double cylinder walls to serve = ? 
| ‘ : ? 
isa Steam jacket and minimize condensation. : Ty + 
j : ie é‘ 
| 1 id swe iain anriehes) Weuiieal ia Rak 1, : ++ 
Bo l i} S 1 jt re regulator ma Nhe OVET | os Q 
| , = 
fire regulator are of the throttling type with ad i @ 
; | >) 
rustments t Wm ps mm travel for a given chang i f i 
| is 
i In steam pressure or draft. For example, the ad | 2 r 
' . : . sa ee a y 
| yustat compensator on the steam pressure regu r * fos, t 
| « I JOA + 
' ] } ~ 
lator may be set so the piston will travel its 2, | mn sy Gob B 
full distance on a pressure change of 25 Ibs oa FES ~*~: 
i 
t } + +} + A ey 2 o=djmet} I j 
or 1 meeay 1) st sO na i pre SS re ch mo y ~~ i 
| : , 1 ~ ° T | 
| mf only 2 Ibs. will cause the piston to move . ' a ~ ‘ — i 
i . : : “ ea a \ é 
| ti ha s I i ray ot 10 +> ¢ j 
~- ~ 
; t | 
ot . . 
Brown Boiler Regulators mav be ap - a A 
plied » coal, oil or gas-fired boilers ek x 
Figo. 3 shows a steam pressure reguiator j ¥ 
; . ] > 
\ ind in over-fire regulator B a 
ge - 
equipped 


















Mer., Combustion Control Div., 


SH combustion control equipment 
r installation depends to a large 


for 


By J. J. KLINKER 


in 


part 


extent upon the 


nd design of the major equipment. In some cases 


controllers may operate independently 






in others 


fjous units should bear some definite relation to 
ther. 

1 1) 

| is a section of a furnace draft controller, ippli 

to both old and new boiler units and with every 

Fig. 1. Movement of dia 

phragm F, balanced by 

“YY spring G, simultaneously 

WER CYLINDER operates ball valves B and 
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CONNECTIONS 








C through 








which 


oil, at 

yne sid 
r end j 
the other 
_ 





or water flows to 
ot power cylinde 
xhausted from 
= 
E is, 
a 
peer ia 
a H v 
| 
AN 
P - 
ype of fuel burned. It may be included in 
plete control systems as shown in Figs. 
3, 4 and 5. 
Holding the furnace draft at a low 
; Tarn| 
negative pressure is not enough for main Hn 
taining a constant fuel-air ratio. Means r 
: pe Ut 
must be provided also for automatically ha. 
ontrolling the rate of fuel feed and = air 1 2 
supply in some fixed relation with th 
steam demand. A controller as shown 1 
Fig. 2 may be used for adjusting the speed 
if the stoker driving unit or otherwis« 
regulating the rate at which the fuel is 
ed into the furnace. 
For simple systems and certain plant 
mditions, forced draft and fuel feed may 
th be regulated by the steam-pressure 
JN é im g 9 
= Il 
_ x r & Bid 
Tier ww —— : ? ++ f sf 
> » 
a C=3 
| 6 
| va 
| J} r= 
Z 6 
| L 
I | 
| - 
ee || 














4 - 8440 


TYPE “100 WH" MASTER CONTROLLER 
2- TYPE" 90" FURNACE DRAFT CONTROLLER 
3- TYPE"42" STEAM CONTROL VALVE 


Fig. 3. Application of Cash ‘‘standard 


system 





HAND OPERATOR & POWER CYLINDER 
5 - STOKER STEAM CONTROL VALVE 
6 -RIGID TYPE OPERATING ACCESSORIES 


I 
€ 


s 





13] 
o 
8 
8] 
o 
S 














A. W. Cash Co. 


The Cash System 
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" 
ictuated master controll (){ rse. this svst 
ilso include the Turnace Iratt o ite { 
constant negative turnace drat si | uv 4 
\ more efficient svstem, | v provice 
trol of the ur supply [hie naster contro 
the rate of fuel feed ace yrding t chang 
1 
reflected in the boiler stean pressut Air f 
| } 
t1On IS Teg il ited DV an all t IW CONLTOLLCT a 
chambers of which are connected to the furna 
} , 7h 1} 
pass of the boiler. This controller is, t retor 
sive to air flow but is cobrdinated with the act 
] , 
steam pressure controler lo vary the air pre 
stoker wind box so as to give a supply of air pn 
to the rate of fuel feed It also con pensat 
] 
tions in fuel bed thiekness or resistance | 
] 
draft controller which ops 
take damp r is actuated by th 
f 
E pressure and, being independen 
other two controllers, it maintan 
] 
sired furnace draft regardless « 
in boiler load, fue feed. o7 
oO 
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ry Fig Master <« er. Mc ent 
ictuates f , ly Few h ener Ss | 
| Piston movemer swings compens é 
wae | tension of compensating spring D erin ft 
‘ load and bringing pistor st a per | 
iting range ts adjusted by n ( { B.¢ 
by turning nut A. Sensit 5 tere 
either adjustment 
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1 somewhat similar control 
\ ! Lp prise | unit-fired 
pulVveriz d coa installations 
is shown in Fig ) Hert 
iain the master controller 














thre 


through 


matically ind operat 


the 


trol valve without change 


flows 


then 


ilve ever 1S turned to n 
ind control valve cuts off 
matic control and directs the 

hie Ope rating fluid to the 











' 
, 1 | ij < 23 inder so that the att 
mibustion iS regulated by ! r | j 
OF wi — ana : . aT ul | damper, throttle, ete.) wil 
; — ; . | | . 
jot SUT controller, the di iphr igll | 1] vard the open position 
7 8 | 
I r of which Is ¢ mnected to | } * Moving the lever to ( re 
; iit du or wind box [he con | | iow to the power cylinder 
} 1} nth . oe eee 
‘ | 4 3 H] it under control is move 
ro I Ss responsive oO changes I | 
f are = = oan a e closed positior All mover 
re re tt t 0 t IS ( rr S | : | 
i if that point an ( i ; ns | e power cylinder are arre 
‘ air ad with th it | ot hie t T E y Ka ! t lever 1S 1c 2 The I 
Ch wh . 4 
: }] + i J | e mav be mounted dir 
1p? sure eon Olle! tO varv io ‘ CLEP ed 
| 4 aes. ‘ - SA | COI rolier or, 1f more COrl ( 
‘ ( pressure SO iS » OVE i : : +] a 
> } ( tror oO Che bower o7 
1 r mri } ( ‘ f } 
Pps . « proportiona , trument pane ind connecte¢ 
t t f feed. Here ion thre mower evlinder and the | 
i ! draft is maintained con e controller through coppe 
ty \ i furnace Another method of m 
11 | I \ b¢ bt lined Dy ubst 
dratt ntrolier nae | 
oe dad operator and power ¢ 
‘ j ' { } ot} , 
ender! i e st dard ecviinde Phi 
\ ! T ers . Cy! tor ind power! CV inde 
Ph i flow ! rs ye ocated CCE I 
| 6 ty errupt tomatie contre 1 
y mw? 1 " 
< ¥ } - e uni der ¢ 
nd , 6 
} 1 i » Fic. 5 aan es th AeA ; 
. r showr d e hand « , 
n big » aT ot thie " voenera ty pe is the turnac i M nad unit , i Uo tached re I Cie 
} 1 tl | I ( l Cine ed ative ( 
1 It ntre r. Wl how 1 tuated by he master con 
: y , . , 
Phe Cash standard automatic combustion contro 
idyusts thre iir How or air pressure to corre 
ri. em may be ipplied to a pluralitv of boilers of an 
mond wit HANES nm ftuel fT ed ih power! evlinds rs . ae 
1 , , ind using various types of fuel burning equipn nt. | 
I wate | nea lie equipmen to be regulated : : 7 
, , , nost desirab that t naster controller (the h 
13 iddition of hand control vaives, automatic con : f 
: , the control svsten be common to all units so that 
be instantly interrupted and the unit under con , ’ 2 
' j ie ae change will cause a response in the rate of combust 
rol placed in any desired position where it may be held a 
lef | . each of the boilers to maintain the desired load dist 
nl \ 
\\ ‘ ol f the d « t e j t A tion. The furnace draft, air flow and ain pressure 
] ] ] ] 
thie e bod the ] er cylinder is moved auto rollers tC ire usually duplicated at each boiler 
. — . - : 
By FRANK GAWAN 
Mer. Industrial Instruments Dept., Denver Fire Clay Co 
HOUGH primarily designed for controlling stean Phe ce . met Is . in Fig. 2 th front J 
, moved, t A in Fig. 2. It pproximately 72” high. ‘I 
generators, Lh ¢ iutomat combustion controls may 3 ‘ . 
. . r] ° ( nt ) nit re n ted Thy ! Ck of thre ( bine 
plied t t S fuel-fir , eS 
} pPal d oO other yp Ol . fired rurnac 1)! el hinged doors in front I ea until \ electrical Equipe { 
pplied to a stea generator, they maintain the stean each unit is n nted on the baek of its door and i CCE 
ssure constant by proportioning the fuel input to the vhen the door is open. The top unit is the steam pressurt 
: . 1 trol nit The ‘ na unit th tore iraftt control ur J 
lemand: they proportion the combustion air inpu ‘ ; goal ; 
the third, thre ced ¢ t < itt unl In eqdiately 
e fuel input ind maintain the COe or excess ait ) ' P ' - ' j 
I eC CONTTOL UNI is ( l ( sé Ch ¢ ins « ( 
' 1] ' : ’ 
nstant ata loads on hie boiler elector swit ( ) eri overload circuit breake 
Chev ar ectrically operated systems Chey ar Tully n elay. Whi ’ ul uM CCC t . 
1 : 1 I str ere ( ri Cor ect re made , om | 
ropo. ming controls and no position controls " 
. necti S l Lyi¢ S iH ‘ ror ¢ 1 ectiol 
| cle ire ilable: GND for pplication to red eal eader, burner 1 ifo'd, foreed draft ind box 
( erated nder 1 ur or induced draft ind fired if ce re ¢ ! ect SO Oy ings for electri ‘ 
( ! rner GED for boilers fired wh ¢ ~ nae re I ad | t the ! ( t the « I r 
f e¢ d induced draft: OND for boilers fired i Dar el rized ¢ er-operatil mechar 
( ted under 1 ut r induced draft nd OFD for | ! | A ( l t eversible capacitor type ¢ 
et ! ol aap ted under both forced a I tor drivir much 1" ti-stawe orn rear 
ed drat An t ( can be rranged to control ¢ educer Lou i S re provided 
plied » boilers equipped with combinatior The ) ed fue ! \ el | ced rotatir 
‘ l i ‘ rinciple of ] mode be thre evel r (iu l 2 ( r \ reve ible electric } 
descripti mited to Model GFD ith built-in reduc it switches (D in Fig. 2 
I I ! ! cabinet containing the contro init \ tvpl inst ion of M GED is shown in Fi 9 
iT¢ Case two motorized damper-operati mechal is the aut tie cor ion control cabinet: B is a boiler 1 
e for operati the forced draft damper, the othe for trument vane equiy d ith reeordin nd integrati 
. tH the induce ( ‘ nd motorized fuel « teal flo meter, CO nd stac temperature recorder; C 1 
( draft e p el containin t four-element pointer type 1 




































iratt wauge indicating gas pressure, forced draft wind 
ssure, furnace draft and last boiler pass dratt; D is 
valve operating motor controlling valve G; EE is the 





raft damper-oper iting mechanism connected to damper 
Ff the induced-draft damper-operating mechanism con 
o furnace outlet damper I. 419” conduits O carry three 
ich from the control cabinet to the valve operating 
forced-dratt and induced-draft damper mechanisms 

control units in the control cabinet are provided wi 
beams pivoted at A, B and C (Fig. 1) Lhe opposite 


these beams are between electric contacts D & FE, F & 


t} 
i} 


\ I. Under the steam pressure control beam and torced 
control beam are two pressure elements. Under the in 
draft control beam there is one. Elements J and Wk oper 
steam pressure control he um, elements | na \l 
draft control beam, and element N the induced draft 
beam 
steam pressure control unit maintains the steam pressure 
erating the motorized fuel valve G (Fig. 1), proportion 
e fuel input to the steam demand. The forced draft con 
nit maintains the fuel and air input ratio by operating 
forced draft damper H. The induced draft control unit 
ins the furnace pressure constant by operating the mo 
ed induced draft damper I. When the boiler is operating 
ts normal load and with the steam pressure normal, the 


pressure control beam is ba'anced and both contacts D 


| Fig. 1) are open. Assume that steam demand increases, 
ing a drop in steam pressure. ‘The pressure in element J 
is connected to the steam header at J (Fig. 2) is re 


ed, allowing the beam to move downward nd close contact 
wreby opening \ uve G and increasing fuel inpu 
Pressure element Kk (Fig. 1) is connected to the gas header 
kK (Fig. 2). When gas valve G opens, this element exp inds, 
ereby iwain balancing the beam hetween contacts D nd | 
When the fuei input is increased as outlined above, element 


ilso connected to the gas header at KY) expands, disturbing 


halance of the forced-draft control beam, closing contact 
I G, thereby opening damper H and increasing air inpu 
t Pressure element M (Fig. 1) being connected to the forces 
ft wind box at M (Fig. 2), the increased pressure in ihis 
ment offsets the increased pressure in element | nd agai 


nees the beam between contacts F and G 
Element N of the induced-draft control unit is an oil-sealec 
nometer connected to the boiler furnace over the fire t N 
Fie. 2). When the fuel and air input to the furnace is it 


eased, it tends to create a positive pressure in the furnac 
ich is transmitted to element N causing it to close contact 
‘i thereby operating the mechanism Fy, opening induced draft 
mper I. When the cor 

negative furnace 


























ressure is again 
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ched, the beam Wil 
rebalanced between | 
ets 1 and H. Thus | 
induced-draft con | 
unit maintains 
int furnace pres 

re at ill boiler loads 

In ease of a decrease 


steam demand, the 
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The Dexter-Goebel System 


By EDWARD F. GOEBEI 


Chief Engineer, National Brass Co. 


IPA]I nt of tl Dexter-Goebel svst 1 ol iwainst the water column, which actuates a pist 
} tion contro s a master control pisto In turn s connected to the fuel and a 
yx to st hi len pressure Phis master. know hrough a sy if levers and linkage. A’ bleed 
Yenxt C50 | Combustion R rulator controls i so connected oO th piston, releases thie pressure 
| t ni inically by chains, shafts supen the water olumn, allowing the piston to 
h oj | pers, valves, rheostats, ete. The Phe result is that a continuous process of balan 
, j btained fro the steam pressure ol steam demands with the fuel and air feeds takes } 
nder control. No suppl tf compressed. air. Svnchronization of the tue ind air feed cont 
nergy or other form of auxiliary power being made upon a lever which allows a travel of 3” 
svstem is thus of the “self-contained type. Brief analysis will follow through the different 


drawn trom iken 


yhot wr iphs 


11 
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1 well of continuous b 


this operation which creates this 














I lyprn sta tron l 
Ry Pressure cont T 
5 screw 3) Quadran 
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Z nduced-d | 
; n shown) Mor 
l kl . B 4 
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Adjustab R 5 
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I t i 
Re 
t s 4 t ced tans 
lurt s vil tore 
I ‘ f t s 
B lrives b ri s 
; S on ‘ s i 
' r — 
known tomohbil ) n Dring mit adetaris 
nstalilation 
Fig. 2 is an outline illustration of the Dr 
Lo tion Reg itor and will demonstrate 
on Its unm fea reo 1 constant water-fi 
wh tikes possible th se of steam press 
ilo ern n without allowing the stean 
' ot. af | 
7) ‘ with the power piston Phis elimis 
hbilitw of th piston freezing ind the need for 
1 
packing glands, stutling boxes, ete 
Hleadk sten pressure is introduced to 
] ; | } ] ] | 
I FUINTING VAlVe Which OpPchns An Closes Mm 
riances ims im pressure This flow of st 
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The G-E System 


By H. M. WEBBER 


Application Engineer, Industrial Heating Dept., General Electric Co. 


t)6h6oheat-treating applications requiring protective ur go through compressor | quipp d wit 
} ospheres, G-E automatic combustion control pressure regulator whic coy eer tlet p 
rent comprises furnace auxiliaries which are not sure. From here the mixture travels suce 
‘ollers” in the usual sense but take the form of gas lighting torch EF. volume-control valve G,. tire ¢] <c H, 
ind processing units. The equipment may consist ind burner J. 
ily one unit—the G-E combustion-type furnacc Fig. 3 shows a tvpical ammonia dissociator rated 1000 
rp hie re controller shown mn Fig, a Available ICCes it hr. ig. t shows thre piping arrangen nt to } { 
ire: sociator with its accessories. Ammonia passes 
joy the } er hanoer a | 1 , , ? . 
{ vas cooler; 3) Sulphur-removing towers ; acne ei eth aa — shies cerceaeiinaaieitiae tastes taal ode 
(An absorption dryer; (4)CO, removing towers. into the dissociating element, which consists of a coil of 
; illov tubing filled with catalvst. Upon leaving tl ads 
Lnother type ot furnace atmosplhe re controller some aesnlinie. the gas goes through the ism exchanger. A vc 
s used is the ammonia dissociator, Fig. 3 meter, a pressure reducing valve, then to tl 
\ typical combustion-type furnace-atmosphere con rhe dissociator is electrically heated, with ribbon resis 
r for partly burning hydrocarbon gases is illus tice taamited om the side wallx. An auxiliary vai S 


ted in Figs. 1 and 2. Raw gas enters through flow 
r B and air is drawn from the room through filter A 
flow meter C. The mixer is an accurate sleeve valve 


sisting of a sleeve and a piston, each with two square 





i) Fig l Combustion 
¢ sf type furnace iomos 
Fa phere controller, rated 
it 2000 ft hr. out 

put 


Fig. 2. Schematic 





diagram ot com 





bustion-type fur ; 
nace itmosphere Fig An S504 
controller 
a ~ f—>. 
. ‘ ; ‘ a af t } ‘ 
. y ‘ > ' 4 
5... “x i 
: 3 ; | : na 
Tae | 
. 5 7 - ‘ ‘ 
. m big Sc g s 
rifices, one for gas and one for air. The piston can be 
‘otated manually to adjust the gas-air ratio, and it 
loves vertically for changes in mixture volume. Vertical provided to mount the flow meter, press oAg 
iovement during operation takes place automatically to perature control instrument t 
eet demand. The gas enters the mixer through a ZO iutomaticallvy controlled. of course. w 
rnor which regulates the pressure at which it is intro cwahous 
lueced, and this pressure is always the same as the prt For some types of furnaces, it is neces 
iling air pressure. Automatic equalization of thes the gas at low pressut savy 2” to 6” of wat G 
: " . ] ty] 2 ] 
ressures, automatic piston adjustment, and close-tolet ally the gas is delivered f1 


s 
4 
4 


nee machining of the square ports assure accurate volu 


etric and ratio control.* From the mixer the gas and ind there is installed in the line to the 





ospheric The operator may 


ssure icting on diaphragm 12 fal 


Vice-President 


I ypera l a I ) ict il¢ 
Sin S pressut i measure 
tw rn it put ind demand, the 
naster responsis to eam header 
tes a vading pr ssure of air that 
Lhe 1 ( i Mi tive oading pres 
‘ thre ! re s lilustrated 
I e outside of me 1 be 
tension of prir 3. The relation bet 
el r the posi1or f | nee beam 2, 
1 re ed Phi valve 1 Oy 
‘ here constant pre 
t the ft If the steam pres 
tion, providing for a fre 
e the « mort Is « ed 
( er, theret ‘ ( ( t] t 1 
Tt tie eal ‘ rel tiie 
' niet port | enu 
ri t to red e tive hi ire 
ne al ft 
. ‘ : N Ft 
ere | I intermediate rt 
. re re thy rive wine i 
te yOSITIO . 4 ( id 
hie re re urr aur bres 
! f l ue tre 
) 1 { res ure tT ‘ j 


to tiie The mations i 

di b This vari i 

mre ure furnishes the impulse i 

t ( the contre vster | 

‘ Wnpulse pa ( tl rough \ i 

fer \ ve to a relay mounted } 

( nanel See ricriyt-l ind por ad 
f Fig. 1. In normal operation, 
relay simpy reproduces the 
mn pressure received from the 

ter L hye received pressure ict I 

, ' 11 ind i balanced by. the 

re ™ " imilar diaphragm 12 If 

‘ » pressure re not Ww balance, 

ve 18 moves either to vdmit con 

t yore re ur r to exhaust to the 

ere 
The operator may adjust the relay to 


send out a higher or lower pressure than 


receives by vdjusting | indwheel 16 
permits manual djustment of the 
tion between loading pressure re 
d from the master and that sent o1 
he individual control devices 

manual operation from the pane 
ireal, the transfer \ ilve is throwr to 
manual position. This cuts off the 


mding pressure from the master ind re 


the pressure on ali phragm ll to 
then S¢ nad 


inv desired loading pressure by ad 


ustment of handwheel 16 


ikage in the loading lines from the 
| to the individual regulators does 
iffect the accuracy of control, because 
construction of the relay requires 


the established relation between the 


ssures acting on diaphragms 11 and 12 


be maintained. For instance, if the 


| ha 


to line leakage, pilot valve 13 admits 
h-pressure air to the svsten until the 
orrect pressure relationship has been 


stablished 
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in Charges of 


iries with the 








ing pressure. Mov 
ee « a SUPPLY ment of the beam ac 
"STROKE ~ ites a pilot valve wh 





S) must be provided for unusual conditions. To pr 



























































Engineering, The Hagan Corp. 


The loading pressure from the panel is 
ictuate any one of a number of regulating devi 
pending on the requirements of a partic ular insta 
lor the operation of \ ilves, d impers, rheostats, « 
receiving regulator illustrated in Fig. 2 is used. 'T’] 
ing pressure acts on diaphragm 1, and is balan 
9 


compression im spring which is idjusted by hit 


spring nut 4. The regulator is in equilibrium only 
the loading pressure and the force due to the spri 
in balance. If the loading pressure increases, pilot 
10 is moved downward. admitting air to the bott 
the power cylinder, and producing an upward moy 
of the crosshead. This carries compensator 9 upy 
ind forces roller 8 and lever 6 to move to the righ 
lever is pivoted at 7 and at its other end carries s) 
nut 4. Upward movement of the regulator, therefor 
0 increase the compression in spring 2 until a balay 
established between this compression and _ thx 
sure of air on diaphragm 1, At this time, the 
valve comes back to its neutral position, ind 
gulator is stopped 
When it is desired to provide means for id ji 
the ratio of proportiona 
between a loading press 
> ' ee received from the mas 
and that sent out to an 


idual regulator, th 





relay shown in Fig. 38 


used. The le ft hand ba 
of this relay recely 


lo id 





the master 
pressure and exerts 
foree on the bala 
beam dependent up 
the value of this loa 





admits air to or « 
hausts air from the right-hand barrel. The relation 
between incoming and outgoing pressures 1s deter 
mined by th position of the fulerum, which can 
adjasted by the handwheel on the front of t! 
panel. An indicator mounted above the relay hand 
wheel shows the condition of the adjustment. 
When steam-driven auxiliaries are to be « 
trolled, it is difficult to determine the correct val 
size for good regulation. The exact pressure o 


suction against which a fan may be required 


work cannot be predicted and a margin of pow 


vide a valve having a wide range of field adjus 

ment, the construction illustrated in Fig. 4 is en 

ployed. The loading pressure acts on the outsid 
of a metal bellows, which actuates the steam vals 
through an adjustable fulcrum. When this fulcrum 
moved to the right, the valve movement for a giver 
change of loading pressure is increased. When it is move: 
to the left, the movement is decreased. This adjustment 
makes it possible to secure a four-to-one change in effe: 
tive valve area while the valve is in operation, and facil 


tates adjustment to suit local conditions 








| PeReReRNeeeS ” | 


af 
’ 


t 
a 


control of draft or differential, a 


iragm ty pe ot regulator 1S used. See 


{TTL A ff 


5. A departure from the desired value o 
lifferential to be regulated causes di iphra 
ind adjust the position of relay valve 4 


generates 


ilar to that used in the maste r) g 


vading pressure for control purposes. 


2.3 44 


r } 
For instance, a downward movement of diaphragm | spond with the 


oener 


ter het ¢ 
ses relay valve 4 to increase the loading pressure. rval betwe 


a. 


h is relayed to a receiving regulator. control 


ther pressure-responsive mechanism used for 


poses. This increased loading pressure act 
side of metal bellows 5, whose movement is opposed 


spring 9. The movement of this bellows will, there diaphragm 
mner heing 
he prop rtional to the increase of loading pressure d imper being 


] } smaller opening 


ward movement forces oil upward in cylinder 11 and 
Seldon 


Ul i 


ts against piston 7 This alters the tension in spring 6 


d temporarily alters the balance of forces between spects conce 


iphragm 1 and spring 3. This loading maintains th ird contro 


iphragm at equilibrium for a pe riod of time de penden 
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moveme ( ( 1] 
movement of the bellows is of load 
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Of automatic combus he linkage from 
mnetering units” ar be adjusted to control 
located at any point Increments Of a 
lectrie il transmission conditions may 

“ation os provided ror ed to dete Prine 

of which special com knurled knob at 


oradie nt, sensil 


] ; tS up ‘5 a 

ss pon a spring in\ tv pe ot tue 
istics 
+ 


knite eda bye ar 


spring which provide san 
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Soaneas — | { ) 
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| t 
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: = a 
Biss | tik ry 
Bip mer | PERATOR 
ee “ 
Hq PRESSUR 
rere = ites } 
SSS CHAMBER | 
ADIN 
PERATOR — Fig 5) Schematic diag 
x zy 7 | the movement of the 
«< NNECTION | other control units on 
— THER rder to hold the desired 
soy CONTROL “" 
T uN 
| 
A | ee Fig i lLype PCOMI 
. f\ fh nee sure Compensato I I 
Ls MERCURY ird master control (such 
—_ WITCHE } trated in Fig. 2) is added 
T - inna ai shaded-pole_ reversing 
speed reducer and speed 
A = ; 
PUSH B N ill otl-immersed = in 
} ~ + » 
aiataits ise and mounted i 
br icket which ts Operated 
: master motor To the 
Schematic diagram of the the CASE is idded 
HiPMI master controller switches operated through 
high-pressure applications ts ige by either the master 
spring is at the end of the the compensating mot 
beam and its steam pres inti-hunting action 1s 
chamber and metallic bellows During the movement 
designed and constructed for ternal linkage of the 
high-pressure work rol due to load changes 
Type LPMI tor relatively is made in one of 
steam pressures, the loading sating motor switches 
ind metallic bellows are co gizes the compensating 
force ind countertorce be if in turn superimposes 
co-linea there is one knite ustment in addition 
less and the balance beam is changes, cutting out 
lever turning the steam pressur¢ 
im movement due to In high-pressure 
nagnet bar, making sure ani 
switches to start the elec incorporated 
pre ssure gradient 
mnected by rigid connec sure to the req 
: oh) | 
the fuel feed control. load. This eliminate 
} +>? ‘ 
iir flow and fuel feed retains all the 
Oo } } 
desired pressur Fig. 4 shows. the 
Thr Lovo 
COr IS extended to the Phre« roro le 
} 
tlko linked to the magnet bar. 
thre direc tion Opposite | r Flow (Control 
steam pressure. This connections from 
ury switch, stopping eam in the air flow 
hange takes place in essarv to restore 
, 
ider pressure again varies brated cam is a 
s shown in Fig. 3 tor trom the air 
the spring torce to Che air flow 


master will operate phragm unit in 


thre speed of the Pressure 


1 header pressure S . $ - 
1 head eeai the can all be idjusted 


and Col 





|= 
= 





rigid-connection 
in the master control 
make appropriate 


idvantages of 


manuai Opn 














to the magne 


St nsitivity of respons 
inv lesser degre 
linkage can ilso bye 
gradient of the unil 


the ( le ctr Ope 


and speed oft re 


Spec ifie re qu 


equipme nt and any 


nbustion conditions. 





T 
| 
| | [ 
YN | 
—, | 
a 
i 4 
f {] 
"1 ia 7 
(QW 


the master motor 
reverses, thereby asymptoticall 


which the master 


re extremely 


pressure compens itor 
control to compensate 


and return the 


rdless of wide 


endeney toward hunting. 
close pressure 


ils of this compensatol 


ition 


wilers being controlled ine provided, 

lhe movement 
r control adjusts 
the rate of air 
pressure to normal 


cam, removing this 


} 
ot l slack 


iousing, a set 





bar 


setting, 


method 


uJ 








e- the calibrated cam, a set of three toga 


s for manual operation of the air volume control 





in indicating scale and two indicators—one 
naster adjustment and the other to show the 
of load adjustment made manually while on auto 
ontrol. 
rate of air flow is measured by the differential 
n two points in the gas passages In the boiler. A 
on trom the required rate moves the slack dia 
n. which in turn makes a contact in one of. the 
iry switches, Starting the power unit electric or 
: ic) to change the draft by changing the position 

damper. When the air flow has reached the d 
rate and there is no variation in steam pressure, no 
er change takes place until the steam pressure 
s or the rate of air flow varies from the rate de 
1 for that particular load on the boiler. Variations in 
lifferential due to varying stack draft and damper 


icteristics are compensated for by this control 
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‘ j } ‘ . ] ] 
Fuel Feed Control (Fig. 6). Simultaneously with the 
setting of the cam in the air flow control by the master. 
he re | } 4 
he calibrated cam in the fuel feed control is set by the 
same movement for the required rate of fuel feed 
i 
The fuel feed control responds to the suction of a 
tachometer blower driven by a= stoker= or pulverized 
; A 
! ; : ne 
eeder table. This suction is a measure of the rate of 
I . 4 1 } 
iel feed. As this suction varies, the slack leather dia 
rt ry 
iragm causes contact to be made in one of a set of two 
: ' 
lercury switches to operate one of the several ty pes ol 
‘ P| a ] ] 
( nechanisms which may be used to control the speed of 
+} 3 my ] 
a le Stoker or pulverizer feeder table. These include l 
motor-operated valve in the steam line to the stoker 
: ngine or turbine, (2) a motor operate d rheostat which 
mtr ] } . i . . + | - ‘ | 
itrols the speed of the motor driving a stoker or pul 
erizer feeder table, and 3) an electric or hvdraulic 
} 5 . ] 
power unit used to shift the lever of a variable speed 
ransmission on a stoker or pulve rizer feeder table 
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By EDWAR 


In charge of Automatic & Combustion Control Div., Engineering Dept., Leeds & Northrup Co. 


M! LE RMAX Combustion Control is a pneumatic 
electric system which utilizes the most useful char 
icteristics of each class ol system: air loading, and 
‘ical transmission. An additional feature is unit con 

ruction ill controllers and switches art grouped on 
pal ind shipp 1 to the user as i completely issembled 
und M red unit 

lo provide direct balance action for each controlled 
variable, Metermax utilizes null-type controllers which 
letect any unbalance between demand and supply (or 
en for their particular function, and, with a 
minimum actuating force, initiate control re 
sponse. Combined with this balance principle is 
1 metering action whereby each controller is 4 
the corre 


r 


subjected to a force representins 
sponding controlled variable. In the event any 
variable fluctuates, control response persists un | 1.0. 
sa ‘ 1] 


it ac illy is returned to standard value. 7 


Another Metermax principle is to maintain 


pecified conditi ms as nearly as possible at the \ x ‘ or 


source l‘o this end, rates ot supply of fuel and 


} 


1ir are metered and controlled in order to main 
} r 


In proper combustion conditions. 


['o apply these principles efficiently, an air 
vading system transmits the master controller 
he various individual controllers, and 

lectrical relays and drive units effect control 
response it damp rs, valves, ete. Two types of 


tomatic control are available 


| M ter, in which all combustion factors at eacl 
er are continuously proportioned to steam demand: 
2 Individual b ‘ oad, it vhich the various fae 


boiler are continuously held at constant 


‘ ; determined by an individual manual 
4 rt ——— = 
ding adjustmen f 
Phere i ilso a complete electrical svstem of. re 
t¢ } tton controls \ 
Fig. 1 is a schematic layout of a typical 
] ] ah \ 
ontrol installation he heart of the system 


is master controller A, which maintains a 


ilance between heat demand and an air 


loading pressure, thus determining the com ‘ 


bustion rate maintained by the individual 
fuel and air controllers. Header steam pres 
+ 


sure, used to indicate change of steam de 


mands, acts through a Bourdon tube to reduce 
the force exerted by a loading spring on one 


end of a centrally pivoted balance arm. At 


the other end of the Arm 1s a combine d throt Af 
. 1 Fa. 
tle-bleed valve which adjusts air-loading } ee 


pressure and, through the action of an un 
balanced cup element, exerts a force on the 





balance arm dependent upon the loading pres 


The Metermax System 


D S. BRISTOL 


lines, with a definite air pressure value for each 
pressure within the working range. A compensatir 
tachment, employed at the master controller whe: 
stant header pressure Is desired, functions to Ap} 


i retarded rate a force change supplementing the 
nal Bourdon tube action. 


The fuel-feed controller maintains a balance b: 


master air-loading pressure, acting on a diaphragm, 


i force representing metered rate-of-fuel supply. In 
1 is shown a controller suitable for use with a unit 


pulverizer having an instantaneous output closely 


By 
r—* ~— 
Wy ie 
al, | 
a | 1 
p= sill cn essa mee 
Drive | 
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Panel 





sure value. The overall action of the master 


controller is to balance ‘ir loading pressure Fig. 1. Schematic diagram of Metermax Combustion Control for pulverized-coal-fired bi 
igainst drop in steam pressure Because there A—Master Controller adjusts air loading F—Fuel-Air Ratio Rheostat for chang 
Is a square re lation between header pressure “acre in 5. eg to “8 im demand relation between fuel ind air pee 
ransfer ilve provides master or base G—Furnace Pressure Controller mainta 

drop ind total steam flow, loading pressure load control furnace pressure at desired value 
+3 proportioned to the sauare of ste: le ( Load Adjustment Valve. Its setting de 

} } | im ¢ termines boiler load‘ng l Air Compressor supplies air for at 
mand. Air leaving the supply unit is held by D—Air Flow Controller maintains a defi matic control loading lines to all boil 

: ’ nite relation between metered volume ot controlled 
1 reducing valve at a constant pressure of draft (drafe differential) and air loading 2—Pressure reducing valve 
ipproximately 14” of water. The master con F Fuel Feed 7 Aig alg se: | “"“~ lige — 
. uc eed Controller maintains a defi i—Steam header pressure connection 
troller reduces this pressure to a v ilue rang nite relation between metered fuel supply 5—Feeder speed control 
. ” op . , : (feeder speed using electric tachometer) 6—Electric tachometer 

ing from 0.4" to 10° of water in the loading ind air loading pressure 7, 8—Damper or vane drive units 
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nal to coal teeder speed. Electric tachometer 6 
1 to the feeder drive shaft, generates a voltage pro 
nal to feeder speed. Two stationary solenoids art 
ected in series with two solenoids on the controller 
irm and with the tachometer, so that a fore 
tional to the square of fuel-feed is applied to the 
ce arm in opposition to the master force propor 


to the square of steam demand. Thus, there re sults 


ct proportioning of fuel-feed to steam demand 


on the balance arm actuate feeder speed con 
rheostat, variable speed transmission, or othe: 
is required to maintain balance. For certain air 
| pulverizers and for other types of 
er of the pressure-bell type, similar to 
roller, is used. 
\ similar action is employed for air-flow control, ex 
that the force representing metered air 


ined by means of two oil-sealed pressure 











pre 


e di i re re »> thelr corre¢ re tior ) he Tuell pres 
i ny broile or ifetyv, the control is provided wit! ther 
ecireult breaket Ich instantly opens all control « 
brief. j rule iT the operator of the contro should the om 
termax, 1 ( ive or Camper-operatil mechanisms fail. Whe 
CONTINU breaker opens, 1 le es tl fie ve and damp 
ce it] ' it position of idjustn { \r rm is operated whe 
(i hre cer opens 


The Valveless System 


N designing the Johnston system, the ai 

proach the ideal of maintaining a perfec 
tween the heat required ind the heat delive 

sing ft ivv. viscous, low-cost fuel ¢ 


Valveless automatic controllers perform three functions position of the controller in advan ormal t 
| 0 teed heavy oil without inte rruption or variation; or applications where it is not alw IVS necessary t 
; maintain the oil-air ratio uniform through th maintain extreme accuracy, the two position \ ilve] 
range of rner adjustment ; $}) to hold the burner controller maintains the oil-air ratio with the sam 
( ntmmuousivo im balance Wi h thre ae mand for heat. curacy is with thre floating control but ere ly ilte 
Phey perfor he first function by means of nates between the high and low setting as 
tering pump of the positive type the normal high-low system 
{ \ iintain the oil-air r itio by vary ing \ refinement of the two position control n 
th rok ot tl Ol meterme pump be made by use of our inticipators. These Spee 
hronism with the movement of p the frequency of alternations betwe 
w air regulating valve at the high and low so that variations i} 
t rne. \ rod connecting the smoothed out hy rapid ilte rnations 
control machine to the burner burner delivery instead of by maint 
S e power diaphragm and nan of a continuous balance betweet 
oil regulating levers on the demand for and supply of heat. 
ner that all operating The floating control require 
parts ove together in the cor direct mechanical connection 
ct ratios to maintain the oil between the controller and th 
ind air lelivery in’ proper burner to maintain exact svi 
proportions. This permits adjustin chronism between the oil and 
tin vi] il! ratio it low ind the 117 idjustments 
i high delivery ifter which the The two position contr y]s 
machine will maintain the propor ire Somewhat more flexib] 
tions automatically through — th Simplex” (one-pump) Model in this respect as they can b 
whol rang if variation in) deliy hh wked up direc! the same 
r\ the floating controls, or may b 
Maintaining heat balance is perftorme d by automatica located in any convenient location and connected to t] 
V varving th livery of oil ind ur im proportion two burner by the oil delivery pipe ind by an ait pipe to a 
Variations tf he control setting of an clement respond diaphragm on the burner by which the air valve in the 
Ing to n intaneous demand for B.t s. In most ip burner is shifted between high and low. 
plications this ister clement is a pvrometer Since Although the method used to shift the controller varies 
variations in the furnac t mperature i@ behind varia with these different types, the above-described valveless 
tions in B.t supply, and variations in thermocoupl svstem is a fundamental part of each design. This insures 
temperature lag behind the furnace tos necessary 0 the maintenance of oil-air ratios with heavy oils 
: 





By E. L. KROON 


Assistant Engineer, Johnston Mfg. Co. 


m was to ap inticipate the effect of changes in burner delivery. ‘1 
't balance be is accomplished in our floating system by an anticipat 
red, and still which operates to neutralize the effect of lag. Anticip 
ils. Johnston tors are of several types, but all operate by changing t 


ice of the n 
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By LINWOOD KIMBALI 


Engineering Dep’t, Ruggles-Klingemann Mfg. Co. 
















} KE of the many arrangements possible with thi in steps. and after ea 
( A 
\ Ruggles-Klingemann system of automatic combus regulator comes to re 
: : 
ontrol is shown in Fig 1. It represents a simple in effective. or to get { 
tion (of master regulator and furnace pressure reg over-travel and hunti 
r) on coal-fired boilers, with constant-speed fan ing operating range t 
Che fturnace-press 
types l thi SGA 
: ran ad a <1 teres means : 
= Ss Ww A tion: Z thie 39-8 
_ v Vy ‘ 7 | 
AlUE ibie When overhre s 
entire boiler rating 
Cwain Conn. 7 thie ipt ikes instead o 
aca i  bD-( with hvdrauli 
itor, desirable when 
~ h 
e Fig. 1 | 
>] sin y 
(L—/ | 4 
Fig : 
s | 
STEAM PRESS. CONM . Fig. 3949 Beec J eet x 
| CUANACE PRESS f ik 
| 8 AlOuATOA-L/P ‘a 
cd fig 258 Sraont ON A OF . z 
S7T£A9 PRESS RECULATOR- |P CRLASE /N DRAFT = pad 
L/P STROKE ON AN /MCAREASE | 70 CLos£ FORCED ne 
_ IWSTEAM PRESS TO CLOSE Daary DAMPER a 
Siwt DAMPERS . \ It 
oe . . i t 
JURWACE PRE $3 + Léa = | ; 
1 d 
fad Sraamens ~7f 4 4 trp 
WATER SUPPLY % ot te q wat = 
WATER LIWAUsT y a - ? po 
= > ? $4 
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> ; ub 1 ss 
‘ecto Dear Dur ~\  ~ 
ao g s | ind 
A RANGEMENT OF Fig 258 of MASTER REGULATOR CONTROLLING KK AR 7 Cig } 
Veraees,WitH Fig. I9AB 0b C REGULATOR CONTE CkLiNG INTAKE ie he Ui i 
cit a 
1) 3 
a = TT + 
9 j a_i 
~j 4 Hel 
If the fan is turbo-driven, the chain - - = ee — 
connected to the forced-dratt = ‘oa 
23 hy +_e 
duct damper can be connected to a y R-K 2 
I : tame) 7 ; 
ronometer valve (described below 
| . hy] see 
If the fan is driven bv a. variable itp 
, . ; t & 
peed motor, this chain can be con <i R 2 
ected to a dial switch 
In cases of fuel-oil, pulverized-coa 
ir gas-fired boilers, it is recommended 
t the controls be interlocked to 
revent quick positive pressures 1n 
e Turnace. 
+ \ et a 
le master regulator IS connected to the VOTE! 
pressure header, and any pressure change causes + 
this regulator to vary the uptake dampers I} lator on ¢ “ 
; } : oe oe r 
novement of the uptake dampers changes the pres arn} 
sure in the furnace and the furnace pressure regulator, All regulators ar 
esponding in this change. varies the position of being found advantag 
- - . Tones re ] nd a yt 
lamper in the wind duct, to increase or decrease the a di ul 101 
How through the fuel bed and restore the pressure over inv expansive Tor 
fire to normal setting. hese regula : 
Chis type of combustion control compensates for varia speed ol t Z 
ons in the thickness of the fuel bed. sutomati mbustion 
One master regulator may control a batterv of boilers, Phe adjus 
it one furnace regulator is recommended for each boiler nded tor reg 
° ] + 
that no one boiler will hog the load. 
his combination will hold steam pressures within 2 tr ro t 
a : . . > Ad : + . } 417) 1 + 
bs. and will maintain overfire within 0.02” of water. bye y | 
The R-K ‘25-B” master regulator, Fig. 2. incorpé nating tl tendet 


rates the R-K step action, where by the dar 


The R-K System 





peed 




















NSTEAD of iplying exactly with the editor’s re 
| £4 i desc p nm of hh Shalleross System of 
t co n contro we shall describe on 
nst t Buf scowage Disposal Plant, Buttalo, 
N \ Vil i I I Vp | ind which is cert iinly 
| st s completely electrically operat d. It was 
lesigned to met requirements stated as follows 
| re ( r ‘ ice I vy od Oper i! 
i ( it t be » the jon evel } ‘ 
| ! be re ONnSIV«E > muc I ( 
( l condition t 1 can be possil der 
It fuel ir e boilers in exac ! rti 
} 1! ri ef oft Tue to e bolle na } 
i e right proporti 
} | ( ‘ ( damper » In this mi 1 
( i ( CCOnOT 
his syst performs these functions automatically 
In iddition { permits thre Ope rator to idd i pe rsonal 
element wheneve necessary ; ind gives alarms when 
radical changes or emergencies take place. 

Che plant consists of two boilers rated a 225 h.p 
wel, nly one being fired automatically at a time. ‘The 
hoilers are fired by two Peabody combination gas and 
il | vers, the system firing all the sludge gas that is 
Wailable from the plant and automatically supplement 
ny with fuel oil whenever the plan load IS NOL Sat 
stied by the sludge gas. The burners are of the circulat 
ng tvp i constant amount of oil being supplied by thi 
sVst 1 for each burner at all times, the re sid e not be 
ng required for fuel, being returned. Each boiler is 

individual fan wit] 
q lipped with il 
“| divided ir ducts 


“8 d 


The Shallcross System 


By CARL SCHINDLER 


Chief Engineer, Shallcross Controls, Inc. 


it G supplying 


] the controlled 
imount ot air ror 
the gas: the second 
’ 

. duct O- supplying 
the iir for the Ol. 
f 
e|* p 
} 
4 sty 
‘ : * ae 
a 7 ‘ 
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ind indicators are included I 


a differ 


two motor-driven 


irners 1S ne isured over 
meter consists ot 


oil 


LO 


tive-displacement pumps, one pump delivering 


constant flow of burners and the other pump 


l 


drive n by 


flow of 


1 motor ata speed proportional to thre ra 


through a differential gear, to a revolving pilo 
suction to the control system, this 


of the ol 


two oil lines 


which delivers a 


isure differs nee thre 


tion being a 
ot thre 


hit wnoun 


flow 
fan suction is delivered to a ratio 
by differential 
air lines O, the 


to thre 


Chis pilot 
ictuated 


one ot the 


SWILCI 
which is pressures fron 
orifice in 


In an idjustabl ratio, other, the 


in the air line O 


one Switch 
iting motor-driven d imper 


measured orifice, the 


led to 


by 


The sludga over an 


was Is 


} 


ferential of which is ratio switch B 


switch is also energized differential 


the returned oil. The two pump motors are ] iI 


This r 


pressures 1} 






two being balan 


the orifice in air duct G, the two sets of differentials 
ing balanced against each other at an adjustable 
in the ratio switch. The ratio switch actuates n 
driven damper IF in one of the air ducts G, maintain 


air to @as. 
the 


oil and delivers a total amount of air 


i definite ratio of combustion 


thus measures flows of both gas 


he system 
boils r,. W 


and in 


ever the ratio of oil to gas, an amount proper 
he requirements ot ¢ ich fuel. 

M ister A, ictuated by the steam pressure, contal 
two motor drives, one actuating gas valve H and the s 
ond, oil valve G, operating as follows: SP thin Val te 
with an excess of 
gas available oil 


ilve G Is held ita 8 


opening 


sufficient % 


TITITAU 


allow Ing 


oil oO keep thre 
burners lighted) the 
steam pre SSure pe age 
ing maintained by 


~) 

2 - +« 
r —+—+e| 
+4 
" 140 
| J 

Re J g—. 
® J 














H. As the 


the steam pressure drops slightly and gas valve H 


ling the gas through valve plant loaa 
nues to open, 
en gas valve H is wide open and the load still in 
ses, oil valve G is then gradually opened, maintain 
le steam pressure. ‘This action continues on a rising 
until both gas and oil valves are wide open at a 
mum firing. On a dropping load, the reverse action 
s place, oil valve G gradually closing until it reaches 
ninimum position, from which point the gas valv 
starts to close, maintaining the steam pressure. 
he furnace pressure of each boiler is maintained at 
djustable fixed amount by the furnace draft control. 
sisting of a draft switch I and breeching damper 

ee i 

\ manually-operated throw-over switch transfers all 

uits of the control system to whichever boiler is un 

- automatic control. A manual throw-over valve trans 

rs all control piping from the ratio switch to that 

jiler in operation. Additional hand valves and manual 
ontrol stations permit the idling boiler to be warmed 

p and controlled under hand control. 

{djustments. The maintained steam pressure is ad 

istable on master A. The air-gas ratio is adjustable in 
ratio switch B and that of air to oil in ratio switch E 
(he maintained furnace draft is adjustable on each fur 
nace draft switch I. 

Manual Controls permit either automatic operation or 
hand setting of all units of the controls. Manual station 
K permits the master to operate automatically, idjust 
ng gas and oil to the load, or permits the rate of firing 
= of each fuel to be set at a fixed amount independent of 
the steam pressure. Manual stations L on the air damp 
rs permit automatic operation of the setting of the air 
il flow manually—for warming up the idle boiler, for ex 
imple. Manual stations M on the draft control are used 
for opening the dampers when blowing soot, ete. 
ns All these manual control stations, together with the 
hrow-over valves and switches, are mounted together at 
1 the main instrument panel. 

Indicators. Light signals are provided at each manual 
station, which show whether each particular control is 
alive or dead, whether it is on manual control or on auto 
matic and, when on the latter, showing whether that 
particular controlied function is high and being lowered. 


is low and being raised. or is normal. 


aoe automatic combustion control systems are 
tools to aid the boiler operator, not devices to replace 
him. They enable him to operate the boiler plant at test 
efficiencies, by performing for him the repetitive routine 
idjustments of fuel supply and air supply necessary to 
maintain efficient combustion over the load range and to 
maintain the steam pressure constant. ‘They maintain 
iny desired fuel-air ratio but allow the operator to 
change this ratio to conform to changes in the quality of 
fuel and other variables. They also permit the operator 
to change the boiler from automatic to manual control] 


instantly without affecting operation. 














The Smoot System 


By CHESTER R. EARLE 


Engineer, Republic Flow Meters Co. 


4 Ste « I iB mat cor s ( | 

Safequards. An alarm is proy ided to sound when the 
sludge gas pressure a the ink of the @was booster hia 
dropped below a predetermined sate mit. ‘Phi yarn 
rings continuously and a red light flashes until an oper 
ator has taken action ind silences thie Fong mh a PUS 
button. This tlarm also shuts off the GAs but p rit thie 
oil to How An iir i tilure SWile hi on each air fan outlet 
closes an automatic shut-off valve in the fuel oil line if 
the air should fail from stoppage of the fan, et At th 
same time, master A closes the gas valve. thus preventin: 
the boilers from being flooded with either oil r @as 
the air fails. 

In a Smoot automatic combustion control system a 


master controlle r. Im ac cordance with variations in stean 


header pressure produced by variations in steam di 
mand, sends air loading pressures to oil operated or air 
operated regulators which measure the variables t! 


control and idjust the various units of combustion equip 
ment in accordance with the master impulses to supp 
the required fuel and air in the correct ratio over the 
load range. 

To vary the f ie] supply, the fuel-feed regulators op 
erate motor rheostats. turbine steam valves or variable 


speed transmissions, primary air ind coal-« irryving air 
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THE SMOOT SYSTEM 


1 v SUPP I Valves Lo ! 
! now I nd fl gas thro rh th Oiler, the an 
flow u ) pera ‘ ptake | npers, ind ced-dratt 
dampers or varies fan speed by perating 
! I 5 s. turbine steam \ Ves or hvdra 1] coup 
ngs Lo ntain constant furnace pressure, the 1 
rhae 1 sure regulator controls forced draft by operal 
ng 1} yntrol devices. ‘This regulator is responsive 
t I pressur nlv but must be coédrdinated wit! 
stem since it is affeeted by fuel and air flow 
lang \ typical Smoot combustion control system is 
‘ n Fig. 1 
2 * 
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lJ te 


controller control 


\ typ il 


two groups tI two re 


mAastel irrangement to 


gulators each is shown in Fi 


») 
y 


Lhe pressure element change in the con 


transters any 
inversely into a change in the air load 


Ing pressure In the ir 


trolled pressure 
manifold by movement of the air 


bleed cup valve. The air loading transmitted 


to thre 


pre ssure, 


master loading element of each regulator to be 


controlled, Is idjusted by ratio adj isters 2. The ratio 


Ires betwee nh ¢ le ments remains fixe d for each ad 


}| pressi 


justment of the ratio adjusters. The air pressure change 


n manifold 1 is common to each section. The result is 


in eq ial percentage of air pressure change in each mas 


ter loading section 
| ach 


eating mercury 


master loading element 1s equipped with in mn 
manometer 


») } 


From the diagram, Fig. 2, it is seen that if the main 

y 1] } 

header pressure drops, calling for an increase In Tuell 

ind air supply. the steam pressure element diaphragm 
] 

moves down, closing the cup \ ilve to increase the load 


ing pressure to the regulators. causing them to supply 


more fuel and air. The compensator superimposes on thi 

cup lever a loading pressure, proportional to the master 
} pro} 

ind applied through glycerine that flows 


hus 


tunnel pressure 


: . .: 
rough an adjustable orifice. the com 


pensator gradually returns the pressure to its 


value after an increase in steam demand. 


the boiler 


Io chang trom automatic to man 
i. turned 90 degrees. This places 
ind air regulators under the control of a manua 
ited pressure element 

With the Smoot system of combustion control, 
hvdraulic type or pneumatic type regulators aré 

Since the operation of these regulators is funda 
t illy the same exce pt for the different ope rating med 
only the hydraulic type shown in Fig. 3 will } 
scribed. This regulator consists of a measuring ele 
in amplifier element, a stabilizing element and a 
element. The | 


diaphragm ot the measuring ele 


4 es A 
5.4.4.4 
a oe once ~ 
Me mw. || 





— me = rf 
a 4 
| qr S 
v oe 
“ 
<=, ‘a 
6 =a 
' \ : 
z 
J 
Fig. 2 
connected by a push rod to the weighbeam, whic! 


through the guide beam, is connected to the multiplying 


valve stem. The amplifier piston, the top area of whic 
is half the is connected by linkage to th: 
pilot valve. Oil under pressure is admitted through 


bottom area. 


adjustabl orifice to the amplifier chamber under 


unplifier piston and to the space above the piston, 
from below this piston draining through the 
valve 

When the regulator is in equilibrium, the weighbear 
is horizontal and the multiplying valve in such a neutra 
position that the oil pressure on the top of the amplifi 


piston balances that on the bottom. holding it stationar\ 


and thus holding the pilot valve and power evlinder 


neutral position. If the pressure increases above. tl 


measuring element diaphragm, this pressure pushes dow! 


on the weighbeam. This movement, through the guide 


beam, is transmitted to the multiplying valve, causing 


to close and restrict the flow of oil under the amplifie 


piston, causing the latter to move up. As it does so, th 
linkage moves the pilot valve down, admitting oil pres 
sure to the top of the power cylinder and causing th 
power piston to move down, the oil below the piston flow 


ing to the drain. 


multiplying 








y 














it pilot valve remained open, the power piston 
| continue moving to the bottom of the cylinder, but 
power piston moves down, it actuates the return 
n linkage, which is connected to it by a simple rod 


le system, causing the pilot valve to return again 
tral position and stopping the power piston at the 
ontrol position. By this method, the power piston 
le to follow accurate ly the detections of the meas 
element. 

regulator has a hand operating lever with which 
perator can position the power piston by utilizing 
vowerful hydraulic system. 


+ 


stabilizing dash-pot on the amplifier piston exerts 


ruide beam and weighbeam a= force opposing the 





















































downward force of the measuring element and tending 
to restore the weighbeam to balance. As the amplifier 
piston moves up, its motion increases the oil pressure 
under the dash-pot plunger. As this oil pressure is grad 
ually relieved by the passage of oil through the adjust 
thle orifice, the upward force on the weighbeam grad 
lally decreases. Adjustment of the orifice controls the 
dash-pot action, which produces a regulator speed pro 
portional to the deviation of the controlled pressure, thus 
preventing the regulator from hunting. For applications 
of the regulator where storage or inertia introduces a 
considerable time lag into the system, a picard spring, 
instead of a rigid stem, connects the dash-pot plunger 
with the weighbeam, producing a regulator action that 


ifies the affects of the time lag. The regulator weigh 


nu 
eam always returns to equilibrium in the same horiz 
ntal position, without position characteristics to affect 
ts sensitivity. 

These operations have been described as if they oe 
irred step by step, but actually they occur almost sim 
iltaneously and in synchronism. 

The standard Smoot hydraulic or pneumatic re gula 
or is built in such a way that it can be equipped with 


remote hand control upon installation or at any time 





thes rter. J s remot rh mtrol provid { 1 
OV Wil reg ito nd contro 1d l 
ily controlled by t perato vd 
COnNLYOL pornt Ih ! ot mind contro 1 1 
reg ilat roms conne ( | toon ot yrrg re 
the boiler con by ird way t 
idjus nent, th ultiplving valve of the 
moved tron nfluem ot tl ea ! t 1 
instead is placed under thy ntro lit 
idjusted manually by the yperator 

Regulators for cont ne | I | ir flow 
rhsad dratt ay dentical X pt in Tr mt 1} 
cation and in the measuring elements used. For 
rol of air flow, the differential pressure acro boiler 
IS Inpore ssed on i dither a ial el ment ima 
loading pressure Trom thre naster controller on an 
ele ment, thr two bal ineed on thi We ighbe il i iinmst esc 
other so that a change in the master loac Ing pre re oO} 
erates the regulator to control a damper. fan van 
movor or turbine speed to vary thre il! flow kon cont 
of stoker or pulverize r teedet speed, i speed governor 
control element deriving its speed from the controlled 
element consists of an oil chamber in which a stationary 


disk Is suspended \ i rod connected too Wwe iolibe i! ol 


| 
thre regulator, As the chamber rotate Ss. centrifuga l 
produces weross thre disk a pressure ditferen il tiat 
balanced on the weighbeam iwainst master loading pre 
sure. An increase in loading pressure will depress th 
we ighbe im, Causing thre regulator to increase fuel feed 
As the governor increases speed, the down force on its 
disk increases to balance the weighbeam again and stop 
the regulator 

The foregomg explanations refer to the svstem = ton 
controlling one boiler. If the load is distributed between 
two or more boilers controlled automatically, each may 
have a master controlled in turn by a supermaster f 
the batterv. If there are several batteries. each may jay 
a sectional master controlled in turn by a supermaster for 


all. By this method, in\ individual boiler unit may be 


ope rated at a fixed rating by transferring it to mua 
control), may carry a proportional share of the load, 
mav fluctuate between maximum and minimum rating 
by use of maximum and minimum devices yr omav bye 


cut out entirely. 


Under inv ol the above-described methods of Opera 
tion, the fuel-air ratio for the individual boiler nay be 
maintained irrespective of the method of operation, but 
this ratio may be changed as desired. With the per 


master svstem, any boiler or boilers may be put on 


load independently of the others 


In some instances, it mav be desirable to hold boiler 
rating within maximum and minimum limits. This is don 
bv devices that limit the maximum and minimum varia 
tions in master loading pressure Within the li t t} 
controls have no influence on. the Operation ; 1} I 
tion only when those limits are xceeded 

When boilers are tired by more than on 
ample ‘ blast furnace @as as thre byease | e| ind COA OY ) 
is supplementary fuel he make p> fue must con 
trolled to meet any de ti kWenev of the ba Pure lo do 
this, the total air must be proportioned to th i 
air requirements of the two fuels. These peration 
carried out by the Smoo ttalizing iste) nty 
which maintains the relation between the n vad 
pressures to the two fue regulaton ind 
lator in such a wav that the rat etween iir and 
the sum of the air requirements of he two f 
stant at all times. The master controller a » mamtain 
the basic fuel demand within the basic fuel )) 
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The Westinghouse System 


By C. E. PECK 






Heating Section Engineer, Westinghouse Electric & Mfg. Co. 


such as bright annealing and seal 


as atmosphere equipment is neces 


desired atmospheres in met illurgica] 


iutomatn 


sary 0 provid thie 

| r it > nae r of 
Lin pressures int 
phere equipment, 

S me ssary in orde r 


itn osplh re COMpoOst 


rdinary operating conditions of fluctu 
1 variable flow demand on the atmos 


control of combustion ratio 


i reasonably constant gas 


to msure 


ion on the outlet side of the produc 


ng equipme nt Che automatic ratio control scheme used 
should fulfill the following requirements : 

| Single-valve control, that is. the control of flow 
lemand from one manual regulating is desirable 

é Che control should not be affected by small dirt 
yr du particles which might be present in the incoming 
FAS ind ir lines 





trone d 


controller 
Y nd of the 


ber. In this chamber, the 


thre 


itmosphere used in the heat 


free 


innealing 
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iutomatn 


; 


S¢ para ( 


should 


and flow meas 


ratio control instrument 


from the pumping 


equipment, so that operation may be carried on 
hough the automatic control is not in operation. 
Westinghouse ras atmosphere producing equip 
the air and gas flows are automatically propor 
by means of a Bailey iir-operated flow-ratio 


air 


ind sc ile 
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mixture is pumped to a burner 


horizontal eat 


located it 
ilvst-filled combustion cham 
cracked and form the 


YAses 


are 
treating process. For bright 


hardening of ferrous materials, 





~ 


the atmosphere from the unit corresponds to a p 
combusted fuel gas; its exact composition depend 
the type of fuel gas used. For bright annealing 


ferrous materials such as copper, the atmospher 


sponds to a completely burned fuel gas with a s 


deficiency of air, so that no oxygen is present in th 
the v 


a dew point corresponding 


combustion. The water 
to 


room temperature conditions. 


products of vapor in 


condensed out, down 


As illustrated, a typical equipment to produc 
itmospheres consists of flow-measuring instruments, a 
matic ratio control instrument, gas-air mixture pum} 
equipment, burner and catalyst-filled combustion cha 
ber and tube type surface condenser to remove moist 
of combustions. Such equipments are commercially avai 
ible in sizes ranging from 200 to 15,000 ft.°/ hr. 


The 


necessarv are 


and gas flow 


air Y 
Ineasure d, r 


ulated and proportioned 


the proper ratio ahead 
the blower. The air flow ar 
the gas flow are individually 


measured on indicating typ 
The ra i 


valve I 


orifice meters. 


phragm operated 
the 


means 


gas 


line is operated 
of 
ratio controller. If 


compressed 1IT 
from the 


the flow demand on the svs 


tem changes due to closing 
of valve beyond the exit sid 
of the blower, the air and 
gas flow rates ahead of t] 
blower will of course ils 
change. The consequen 


change in the pressure droy 


icross the orifice whi 


measures the air flow is 


transmitted to a positioning 


diaphragm inside the ra 
controller. This chang 
causes the air pilot valve t 
position the large dia 
phragm - operated valve 

the inlet gas line. thereb 


maintaining the original air 
gas ratio setting. This typ¢ 


of 
extremely small changes it 


+ 


controller is sensitive to 


flow rates and will maintain combustion ratio over th 


entire flow range shown on the meters. 


In applications (rather infrequent) where the quality 
rf thre the 
gas ratio on the inlet side of the atmosphere producins 


incoming fuel varies, automatic control of ait 


equipment will not necessarily produce a constant quality 


of gas on the outlet side of the equipment, A combustib] 


inaly zer equipment various types commercially ava 


ible 


control a valve 


from several manufacturers) is then emploved 


ahe ad of the 
phere producing equipment, so that the products of con 
+} 


in the inlet gas line atmos 
bustion are constant even though the composition of 


a fuel would vary 


ras US¢ d as 


> 


inlet 
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his is an INVITATION 


all engineers, operating men and operating executives, to enter 


the FIRST 


Instrumentation 


CONTEST 











AT \VELVE PRIZES 


FIRST PRIZE $200 
SECOND PRIZE $100 
THIRD PRIZE $ 50 


4 FOURTH PRIZES OF 225 
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If you are not employed by an instrument manufacturer you are eligible for entry. The sul 
ject is “an unusual application of a standard instrument or control device” and, surely, YOM 
know of such an application! So lose no time and send for an entry blank. Write to Scient 
Apparatus Makers, 20 N. Wacker Drive, Chicago. or to Instrumentation Contest, 1115 Wol 
fendale St.. Pittsburgh, Pa. Or ask the instrument-company engineer who calls on you. But d: 


it now, because THE CONTEST CLOSES NOVEMBER 15 
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THE MONTH’S NEW INSTRUMENT 


In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When 
directly, please mention this depart- 


writing to manufacturers 
ment as your source of information. 
Or write to Information Section, 


Instruments Publishing Company. 








Electric-contact Type 
Temperature Control 


Ne mio ot | rtridve Thermo 
switch” set lustruments July, 1938 
ve 176) 1 provided with a block type 





is illustrated, to permit use of flexi 


1i¢ ( 

te armored cable over the leads if ap 
plication requires that protection. Also, 
provision is made for attaching dial 
ind knob he mae i Va S/ 
{shland Vass 


Clock Regulator 


For ipplication to existing standard 
clocks or to commoner types ot clock 
ed tandards SHTTLp Le brake & 
ele hy een devised, similar 
those sed n ( itches User of 
in makes sure that it runs few sec 
onds 1 week Tast, ind uses new device 
sel eekly or daily” to stop if momen 
rily Ni device consists of crown, 
ten nd sleeve tted into cloc ( ( 
(re lin S¢ ( i | f S 
V i ff al 


Barrier-type Photocell 


fo “Visitron” 


ty 


series of phototubes ire 
dded Oo new barrier I] 


type cel 





ie the output of preceding units 
“PPA” has a non-tarnishable metal case: 
“3” h B kelite Cast Both can Lye 
ipplied ith visual filters to give them 
color response equly ilent to that of the 
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Damper Operato: 


Supplementing —valve-positior 
rT! / S ipiie | eb 1935, 
a sition-madl 
( tl | ( Tn 
“ur Vept 
19.38, ( 210), 
I er has brought 
I lit | Ope}4;y 
or-indicator ror 


dampers. “Control 


er” is mounted or 


boiler front on 
ind operates 
damper by ¢ 


| 
nd quadrant. Ad 
justable eccentrh 
ity of quadrant 
permits predeter 


mining ratio of air 





to dial readings 
t-J ae son, Tine 


filens Ave RK, i 
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Day-night Temperature 
Time Switch 


of the “N 


self-start 


\r 


emp” I 


is made 


nouncement 


new svnAchronous, 


electric clock 





switch especially 

suited for day 

night temperature 

control ippli 

cations. By means 

of this new instru 

ment in conjyune 

tion with thermo 

stats and effective 

temperature con 

trol instruments, 

n tutTOMATIC 

night Linire setback 

l provided New 

witches mav be located either with 

control instrument concerned) or it 
ote lo mon lie reve! 1 hand 

electric cloek would be of use iS 

kee per Cloek motors Oye rate on 20 
from transformers supplied witl 

clocks, which are in turn supplied fro 
he LlO-volt) or PPO-volt lines iccorall 
» specifications. Julian P. Fries ¥ 8 
Pealti 4 N/ md Centra 17 Is 


Multi-tester 


44” i-c.-c-e 


ilent 0 


multi-tester 


“Nodel 


+ 


to Lye different 


said equi 22 
struments: has 
i 3 ad’ Arson 
val movement 
ccurate within 





20, and a mul 
ti-colored dial 
S¢ le l NIT i-¢ 
o | meter 

) to 


Ln Nts; four 

ohmmeter ranges extend from meg 
down to O.OL ohm At L000) ohms pe 
It, Poul d-« volt ire ranves cover 
to 1000 volts. Four db ranges from lt 
to St. Three current ranges: 1, 10 
100 milliamps.-Radio City Produc ( 

Pa Place, ew Yor City 


































two snap action 
witches will: 


A. Control heating or cooling or both. 
Control the temperature and give 
either a high or low limit device. 

C. Give either two or three step con- 


w 


trol. 
D. Give floating control with reversing 
control motors. 
Give two or three speed control of 


m 


auxiliary motors. 
Available for temp. —100 to 1400 F. Other 
models with special alloy tubes suitable 
up to 1800 F. 


Send for particulars 


BURLING company 


239-241 Springfield Ave.. Newark, N. J. 


Cochrane Flow Meter Reduces 
Losses 40° by Detecting Leaks 


\ Cochrane Meter was installed to mea 
mp discharges in a wate ork ys 
\ steady flow € ded between 1 A. M. and 
f A. M ndicated akag Th emedie 
pumpage Oss Ww d ] 0 Ss ns 
f sufficient every 
two months. 
Cochrane |] vy Meter r e accurate me 
ements of fluid flow { lable 
I W 


ted b 


COCHRANE CORPORATION 
3120 N. 17th St. Philadelphia, Pa. 








Portable P 





Illuminated 
ng Glass 




















» [base ANALYZE 


FLUE GASES FOR C0: 
BY THE 


THERMAL CONDUCTIVITY 
METHOD 





THE ENGELHARD FLUALYZER 


Send tor Bulletin N (H) 


CHARLES ENGELHARD, Inc. 
90 CHESTNUT ST. | NEWARK, N. J. 


Wanutacturers f Pyrometer R eat 
‘a 


lTharmometer Exh 


- > 7a Ana 














Furnace Pressure 
Controller 





et amen 
5 1935, 2415: De 1936 ‘ 
; i t ( ‘ uf ( 
‘ ) ing range It 1 
Hl l T iit Col l ‘ 
ct ‘ ure ithin UZ 
( le >} 1 I ! 
“+ ead ft operation nie l 
e 10 ot tal r eu ne econd 
c 
' j j 
| | i] / i i 
11 { > 


Slide Compa -ator 


Ni 1 ick nN or is ready 
le | Dei itfected ! { 
l 1 not rp r come 

pea ( ) dards are enclosed in 
5 ‘ © « ‘ there ‘ loose 
are > De Insc ed na re eal 

il pili deter inations, tl s revent 

rr sobre ve from handlir 
individual standards. Since determina 
Te), ire made by sliding the color stand 


in front of the test sample until 


or match is obtained, persons without 
eclhinical ty ing Cal be taught t List 
rhe ( ecurateily ith 1 te rHiinute 
uctlo a / la \ 


N¢ mput transtormer, nown as tiv 
A216X, es core type, hum buckir 
ore i] ] i T ( ‘ i seal 1 

‘ ‘ er enclosure 
table for verations s k s 
i} ectro r hields between prin 
econcary Indings make trans 
| cl rtyie in Input Cire it oft 
I u her eliminate mductive 

‘ ive ( > due to ray het 
1) | , 1) /2 125/5 ohn 
Sou lary ] 6 S Oper 

fr line ) i ‘ r pushy 

ric Oper in evel S ) A) ll 
Pris youl ced 4 mils; | v « 

‘ er ‘ mil Wi t S i 
Dir ( l 2 s os l 
Fey lect j R 
} N’ } 
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S$-M-0-0-T-H 
VOLTAGE CONTROL 
for A.C. circuits 


The Type TH" Transtat is the new 
continuously variable auto-transformer 
regulator the ideal voltage con- 
trol for a.c. circuits. It offers high ef- 
ficiency, good regulation, great flexi- 
bility and dependable construction at 
moderate cost. Standard types are 
available for controlling voltage to 
single-phase and polyphase loads 
rated 10 Kva. and smaller, 50 or 60 
cycles, 115, 230 or 460 volts. May we 
send you bulletin 51-1 which contains 
complete data? 


RANSTA 


VOLTAGE REGULATORS 


AMERICAN TRANSFORMER CO. 
178 Emmet St Newark, N. J. 

















Hoke 
Needle 
ee ee Valves 





Hoke Needle Valves are used 
lainly for easy control of small 
ws of fluid under high pres 
sure, but there is also construct 
ed a type suitable for relatively 


larger flows under tower pres 


These valves are used in many 
laboratories, for semi-plant and 
plant operations, and as integ 
ral parts of various instruments 
and equipment made by leading 
manufacturers. 

Standard Hoke Needle Valves 
are made from forged brass, 
cold rolled steel and _ stainless 
steel. Valves of other materials 
or of special construction are 
made on special order. 

We would be pleased to re 
ceive and handle your inquiries 
whether they involve one or one 
hundred valves. 


Hoke, Incorporated 
122 Fifth Ave., New York, N. Y. 


i) 




















Immersion Pyrome: + 


\nnouncement. i ! die ft 


us types (straight or flexible 
rine rst pyrometer for I 
rhe Ss can be furnished l 
( readle eTmocoupie ol 
er Cl er of the bare or 

ye both being quickly inte 

ri Ilandle is I ne type \ 
tion cre on lhe TAace ot ( 
rie makes it possible to maint 
bration \ clamping device emb 
he indicator fixes the indicating 
it the temperatt re indication, hh) 
be read nd checked after ii 


\ econd pressure on thie red but 


hie housing then returns the nee 


its zero setting. This locking devi 
protects the instrument from « 
hile being carried or in_ transit 
Pyrometer Instrument Co BL 


St.. New York City 


Zero Current Voltmeter 


New Model 4900 S indicates d.c 
it infinite ohms per volt, a.e.-d.c 
ohms, a.c.-d.c. milliamperes, microta 
decibels ind henries Nie \ Hicks 


ecuracy 


square instrument has 





nd scale length of 4 This tester 
ibles service men to get accurate read 
ings of grid voltages and potentials 


uv.c. circuits without calculations, 
the voltmeter shunts no current in these 


( 
networks. It employs potentiometer prir 
ciple and contains a built-in power sup 
ply to furnish the necessary balancir 
voltage which is idequately filtered 
that instrument may be connected to r 
erids without disturbing operation of re 
ceiver The Hickok Flectrical Inst 
ment Ce Du Pont Ave., Clevel 


Ohio 


Capacitors 


In new silvered mica capacitor, 
| 
silver laver is deposited on both sides 
India ruby mica by process whit 
: | 


bonds them at everv point femperatur 
coetiicient of expansion of mica being “* 
most balanced” by its temperature coeft 


cient of capacity, unit is said to ren 


substantially constant throughout 

rl operating temperature = range 
\fter assembly, unit is molded in 
loss Bakelite, mav further be impre 
nated in high-Q wax. Available in cap 
ity tolerances of 5, down to 1%, and 
capacities up to 0.001 mf., and standart 

( test volt e of 500 le rer c 


Wasl yf St., Brookly Vv. } 











er 








RUBICON PORTABLE 
pr ECISION POTENTIOMETER 


We also make galvanometers, electrome- 
ers, colorimeters, permeameters, Wheat- 
tone and Kelvin Bridges, Res’stznce 
standards, coil testers, acronographs, clip- 
yn transformer ammeters. 


RUBICON COMPANY 


29 North 6th Street Philadelphia, Pa. 





‘ 





Hdqtrs. for Industrial 
| Counters and Registers 


Stroke, revolution, electric 
| 
lineal, predetermined stop count 


ers; set-up registers, tachometers: 
We have models in stock for 
any industrial use and 


— e mee metre 
2 counters to meet special 











requirements. 

DURANT MFG. CO. 

1930 N. Buffum St., Milwaukee, Wis. 

] Providence, R. I 
] principal cities 











TELL US WHAT YOU WANT TO COUNT 





Combination Caliper 
and Height Gage 
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Coating-thickness Gage 
For All Surfaces 
Origu G- 1 enamel-thickness 
Instruments, Dec. 1935. page 341 


designed primarily for 
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75-watt Rheostat 
Ne “Mode G 75-watt 1 er 


. 


potentiometer nad | 












RADIO NOISE 


and 
FIELD STRENGTH 


Write for DATA 


FERRIS INSTRUMENT 
CORPORATION 


BOONTON e NEW JERSEY 
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Particle Sizer 
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Six-In-One 
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TETCO 


Speed Recorder 





Creates a permanent ume rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced. 
The Electric Tachometer Corp. 


1358 Spring Garden St., Philadelphia, Pa 











NEW “‘ALNOR” PORTABLE 
PYROMETER 


Shock Resisting, Float- 
ing Movement, Has 
5 Mirrored Scale 
Metal Case. 

Write for Details 
ILLINOIS TESTING 
LABORATORIES, Inc 


142 W. Austin Ave. 
Chicago, Illinois 








KNOPP 


Multirange A. C. Ammeter 





Entirely Self Contained -Meets 
Maximum Test Requirements 


7 Ranges 2 to 200 Amperes 
Weighs 5!/2 Pounds 5'/" Scale 
Accuracy Within 0.7%, 


Western Electro-Mechanical Co. 
INCORPORATED 


OAKLAND, CALIFORNIA 











NATIONAL * 


RHEOSTATS 


isk for Catalog No. 5 
National Electric Controller Co 
5317 Ravenswood Ave., Chicago, III. 








Direct-reading 
Hardness Teste: 


Outwardly, new direct-readi 
ness testing machine presents 
}« rranee iS mak 
er’s previous ma 


chines but interior 
mechanism 1S said 
to tye different 
both in irrange 
ment and principle. 
Piston is. of the 
eround, 
self-guided type, is 
ud to be “of gen 


}) ick le SS, 


erous proportions.” 
There re no dia 
phragms Operat 
ing mechanism is 
ithout piston 
return spring 


est load thus is 
said to remain the 
irdless of 


height ot 
here IS no” ex 


Scilnee rey 


stroke 


posed piping nd 

il overflow is) direetly back 
reservoir. Work sere ind sere 
port may bye locked rigidly | 
base, directly under test) ball, i 


chined to provide footing for 


fixtures if required These. fixture 


be interchanged “in a minute.” Ad 


} 3 
d test load 


ment of both primary an 
he effected from outside of machine 
out disturbing invthing else 

driven pump is of rotary gear 


shatt IS 


L. standard 1/3-hp 120-volt, 1725-1 


I 
ball bearing motor is su 


drive is) by flexible couplin 
motor may he substituted Oper 
valve is connected to i foot 
leaving: the Ope rator’s hands free. Dir 
reading arrangement is without 
solenoids, contacts, ete Det ak 
Machine Co Trumbu ral 
troit. Mie] 
. 
A-c. Bridge 
oD 

Automatic “good-bad” leakage inc 
tion of electrolytic condensers by “n 
eve” is pray ided in new Model 130 





Incorporating three ( 


Bridge, 


ranges from lufd. to 100 mfds., and t 


resistance ranges trom 10 ohms 


Tie ohms, in 


factor of electrolytic condensers fro 


to Of ind transtormer turns 
from O.OL to LOO Clough-Bre 
i th St.. Chicago, 1 





ball-be iring mounted. Ordn 


i\ddition to measuring pe 


ple 
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FLAME-OTROL 


Protects Gas Fired Equipment 
Against Explosion 

rds positive protection under 

ry conceivable operating condi 

for furnaces, ovens, heaters 

boilers. Works with any kind 

is—flame fluctuation has no 

Instantly shuts down fur- 

cus f flame failure. Also 

to oil and pulverized coal 

i inits COMPLETELY AP 

tOVED AND LISTED BY ASSO 

ATED FACTORY MUTUAL AND 

NDERWRITERS LABORATOR- 


Further information PRICES FROM 
Sent on request $65 


WHEELCO INSTRUMENTS CO. 
1933 SO. HALSTED STREET, CHICAGO, ILL. 




















TEJAX INDICATORS 
for 
ROTARY and SCREW MOTION 





Panel Model 


TEFFT-JACKSON, INC. 


2 Allens Ave. Providence, R. |. 

















Centrifugal-speed 


Relay 


Ne eLype GCR-1 





THE 

































speed re Vv tor rolling 

chineryv be eel na 4 

sé l cic  <as i ( ‘ A C - at FE 
eeds r | ( t 


RECORDING 





GRAVITOMETER 


An Aid to Determination 
ee of Accurate Daily PLAN 
ee ee EFFICIENCIES when 


IS idyustable In operator ( byt 





oas is used as fuel. 


Ss Ing Hie machine he v 4 \ t _ ‘ 

mounted vertically or horizontally, ill The Ac-Me Gravitomete) 
operate with clockwise or counterclock contains no rotating parts 
Wise rotatior No current-carryins and is compensated for 
brushes and slip rings to service, sealed temperature and baro 
ball bearings require no lubricatior \! : 

insulated flexible coupling illows for dri metric pressure Valla 
ing shaft end play ind misalignments, tions. 

serve sO Ss an Insulator. Switeche 

st lO! ry iT rc ( qaijl t ] 

In position, and are readily interchange 


ible to provide either automatic or n 


aes Os. duce THE REFINERY SUPPLY CO. 


631 E. 4th St. Pulsa, Oklahoma 











Radio Tube Tester 
Designed for simplicity of operati 

ae RCA eae ae lester is 

ible in t 0 models: counter tyne, N 





Self-contained, 
Direct-reading, 
Rugged and 
Fool-proof 
Unique construc- 
tion permits meas- 
uring temperature 
of minute spots, 
fast moving ob- 
jects, or small 
streams. No cor- 
rection charts—no 

accessories. 








retained tomatic . roller rt for Available in new 
setting th rious controls, and euicde type with 3 direct- 
ines on control panel indicating — the reading scales. 
roper controls to be operated. Unit Stock Ranges: 
six sockets (including one spare for f 1400° to 5500° FP. 





A gy ONE AEE ge BD NET ET PYRO RADIATION 
ray tubes for shorts and emissions: wi PYROMETER 


y T yA \ cis nei { re i re HM 
t Is\ ! ! Ideal for boiler or 
ny nad ct Haase t I other furnaces. 





Does not re 
quire shilled 
operator. Stock 
ranges 1Ooo0 to 
3600 F. 






Powel nsumption is 23 tts. rn Write for specia 


ifier tube being used. Weight Tt THE PYROMETER INSTRUMENT CO. 


Dimensions: 131." long, 8” high, » 103-107 LAFAYETTE ST., NEW YORK, N. Y 
leep._Parts Div.. RCA M 311 ROSS ST., PITTSBURGH, PA 











Electric Center Finder 


rar ‘ ! tion of master gage 


erimental shops 
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Predetermined-weight 


Scale 
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HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
Hi inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 


& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y 











A & A COILS 


Magnet Established 1924 Solenoid 


Electrical Coil Winding Co 
»736 Saunders St., Camden, N. J 








Surface Temperatures 
The “Alnor” 
Combination Pyrocon 


Fiat ‘ 

a 
Stationary 
or 






Moving 
Curved 
earrnces Ideal for rolls, molds, 
plates, platens and 
plastic material temper 
atures. 

Write for bulletin 


/ illinois Testing Laboratories, Inc 


é 142 W. Austin Ave Chicago, Illinois 











SOLENOID VALVES 
or Air, Gas, Oil, Water, Steam, Chemicals 
SPRAY NOZZLES 
For Humidifying and Air Washing 
Home & Industrial Humidifiers 
Supreme Electric Products Corp. 
99 Mt. Hope Ave. Rochester, N. Y. 











The AW Purpose 


AIR VELOCITY METER 


* Alnor’ 
V elometer 


Instantaneous 
Direct 
Reading 


No Timing 
No Calculations 
Write 
~ for Literature 
ILLINOIS TESTING LABORATORIES, Inc 
142 W. Auosti Ave Chicago, Illinois 











You may win a prize 


on Contest 














Continuous Analy; 
For Feed-water, et 


“Nalco Blinker” continuously 
solids content in condensate, ste 
or boiler water, or checks quantit 
solved solids in any water cor 
from 1 p.p.m. to 700° grains per 
(12,000 ppm ipprox. ) Water 
densed steam is passed throug! 
trode connected by wires to the ] 

hich may be in laboratory, boiler 


Cc If connected to econting 





ine ume ( ( 
( upper tight ¢ if 
( ( Lior ind the lower ft 
Blinker measures conductivit Ll 
ture is “automatically taker 
mixed cale behind ther tir 


odiun chloride or hvdrate Is 


ted for 1\ electrode id yustn 
Sensitivity of the lights to cel 
solids is adjustable by means ot 

Vationa fluaminate Cor) 


th Place. Chicago. 1 


Tube Tester 


Ne ~ Sere gioy”” pu sh-buttor 
Dynamic Mutual Conductance l 
lester has following ranges: \-« 
d-« oltage it 1000) ohms per 








10 /50/250/1000. D-c. current: 1/10 


milliamps and 10 amps. Resistance: 
?%)-ohms center) shunt method, LO 
SO center): Ll > megohm SOOO 
center ind LO megohms Sl), 
center Four decibel ranges from l 
55 Output ranges 10/50/250/1 
volts Paper capacitator leakage 
eo! method: provision for measut 


é Ivtie capacitor leakage directly 
terms of current Weig ht 12 Ibs.: 
123), 1] 6 Precisi 1p) 

















Rawson 
win Multimeter 





? ranges in less space than any near 
equivalent combination— 


2° v8 «6 
RANGE OF MEASUREMENTS 


size 


volt 


V to l ) volts 
List Price $165.00 
The Rawson measuring instruments are the 
ly ones having two pivot movements whose 
weight is lifted from jewels when clamped for 
transit. Electrical clamping does not accom- 
plish this purpose. 


5 tt rd 


Rawson Electrical 
Instrument Company 


110 POTTER ST CAMBRIDGE, MASS 
Branch: 15 East 26th Street, New York City 


Representative: E. N. Webber 
1313 W. Randolph St., Chicago, III. 

















ELECTROCELL 


Self-Generating 
Photo-Electric 
ELEMENTS 

(Barrier Layer Cells) 


Ultra-Sensitive 
Permanently Stable 


Unlimited Life 





NEW: root CANDLE METERS 


of unequalled sensitivity 


PHOTRIX 
UNIVERSAL PHOTOMETER 
se ee 
le M , 1 


DR. F. LOEWENBERG 


10 East 40th St. New York City 











New Recorders and 


Recorder-controllers 
Maker 


nHounces 


recorders ( ecorde Ct rote 
l\ ( 12 charts case is” tinishe 
Diack i na Chromb be ul 
new rec aing thermometer na pre 
uy ( CLUE Interchangeable Cail 
tube system that need be checked 


point only; stainless steel pen-arn 
moved easily for cleaning or rep 
ment; capillary fountain pen with draft 
man’s split-nib: pen-arm movement 
! ed by bearings at both ends. Inelu 
ing i these teatures, the ne\ recorder 
controll is offered in either “on-off” or 
throttling control model The ‘on-off 
model wi simple non-adjustable fl r 
fits ordinary temperature control i 
cations; the throttling model utilize ! 
idjustable calibrated flapper whicl ) 
vides sensitivity adjustment, permits ad 
justment of throttling range to coincide 
with anv considerable ipparatu g 
Pai \ 


( J Tad 


of tield 


ues, Bi 


rie or 


intensity ot 


quencies from 1750 to 


diode 


ty} 


thule Ufa { 


nten 
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HO.C00 


« rectifier po 
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Field Strength M 





ine of “TAG” 
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surement 


Tre 














FLUE GAS 
ANALYZERS 





$4050 





20310 Orsat-Lunge 


47% 
CENTRAL SCIENTIFIC COMPANY 


VO 


PARK BOULEVAR HICAG 











METAL INSTRUMENT PANELS 


Specially Fabricated 


pone ‘ 
KARP M TAL PRODUCTS C0. 

















Universal Photomet 


| o models of the nev “Phot 





Magnetic Analyzer 
AY . . i ~~ vermit 


Loclectri beh meter ire 
“Model \” (illustrated 1 
. mact , 








measuring instruments and. the 


int sensitive enough to dist 
tween intensities in different 





TIMER... 


holds the reins of 
ECONOMY and EFFICIENCY 
in every Industrial 
| and Scientific activity. 


GALLET TIMERS 


(as well as GALCO,SECURITY 
and GUINAND TIMERS 


set the world’s standard photographic negative while it 
for lasting dependability tage aig 2 








\ ' ots : g vise board o hs rer nv nun 
“ ; 7 , ane r ' F | ~ 9 Malas sce ag Reg the 1) 
\ rd completes th Complete Catalog 6F FREE nite f ghee luminous flux incide 
| . ty " ‘ photocell ost sensitive rang 
cc gira JULES RACINE & COMPANY Peis ieee Kalua 
de. Wher 20 WEST 47™ STREET, NEW YORK permits reading to 0.01 ft-candle. | 
er « ( higher sensitivities, mioultiple ) ( 
\/ intel Wi adoutl 
Tt.-< ile nad en tivi T | 
candle \ nine-ce ft rsinne re ) 
Panel Instruments ASSURE DEPENDABLE Si eennernnin euinnoe 


PERFORMANCE WITH Join nar 





Photoelectric Control 


Outfits 





\ it forn 
ired ft i L.S-1 
PC-1" pi 
L1l0-volt ¢ \ 
Li 1 is desi Loar I 
f } peratior n I 
l ith infra-red I 
1 1 It oht | ! 
' PC-] y at 12 1 
; | ! Relay 
\! \ nd normally | ! 
I ini cd-t vitch lor | 
! Wi handl 3 
iL IS re Wea ve 0 ad, ] nt mau 
My 125 N. Juniper St. Philadelphia, Pa I g.—Lipm ; Mngine 
la Braam St “ttshbural 








[INSTRUMENTS 
Pave 2O4—\ 1! 





















EXTENSOMETER 


FOR ROUND AND FLAT SECTIONS 


reading to: .0002” 
Oto .12” 
gage: 2to 10” 


range: 


isk for leaflet No. 157 


Types—Optical and Mechanical 


HERMAN A. HOLZ 


Complete Line of Amsler Machines 
For All Tests of Materials 


167 E. 33rd ST. NEW YORK 


Many Other 




















Vacuum... 
Thermocouples 


ts : 





Ranges from | milliampere to 10 
amperes, in either contact or sep- 
arate heater types. Prices from 
$3.00, quantity discounts. 


Write for Bulletin “A” 


AMERICAN 


Electrical Sales Co. Inc. 
67 E. 8th St. New York, N. Y. 











Contour Measuring 
Projector 


For industri e, new Wilder Micro 












SCTCE 

magnihiecations ire VO » oll, 

62 ind 100 Optic " svstem) is 
separate assembly, so mounted. or 

is to assure preservation of allenic 
Photographs easily taken. Using 
zontal glass table, most pieces are simply 


laid on table without fixtures kivery 
is within reach of operator | ae Pa 
'Valtham. Mass 


Operating-medium Reg- 
ulator for Controllers 


Designed for assuring 





v orres 
formance of fluid relay con tS 
‘ Type 245 
rr cor i 
i Bor 
ot ¢ l 
l r valve 1 
if 
i f l 
Inv Is i¢ uit 
a ste il 
vtn is of D el 
my ition l 
1p lie t re 
wa ) 
le \¢ 
rag Vediun 
Tye 
I aoof tf 
rior t g 
throug! screen protec 
int | issernbly. Liquid) separate 
is easily drawn. oft vt 
a m oof oul Int 
direction of fl ‘ 
re { set mre uv ad 
di om lift frou 
| r ilve, dissi 
e into area uy 
¢ nv Thu regu ee 
let VHC Is ‘ 
s of tro he 
cit ithe ie 
ne rile Hl 
/ Tu ( 








Ons 


WHEELCO 
Portable Potentiometer 


uith removable cover 


Write for Ca 


Wheelco Instruments Co. 


INS So. Halsted St. 


Chicago, Til. 











“JAGABI”’ 
RHEOSTATS 


® SMOOTH 
® POSITIVE 
® RUGGED 
® DURABLE 
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© a . a 
Wide Field Binocular Microscope 
AFTER GREENOUGH 

With Multiple Nosepiece Changer 
Automatic multiple nosepiece for the quick change-over 
from one magnification to another. 









Eyepieces for wide field of 
view. 
Special paired objectives of 
high numerical aperture 
yielding utmost brilliancy 
and sharpness of the image. 
ag ranging be- 
tween 3.75 and 216X . 


Maenifications 


Bulletin No. 9-1 


sent upon request. 


E. LEITZ, Inc. 


730 Fifth Avenue 
NEW YORK 
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Branches 
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Western Agents 
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LIQUIDOMETER 
SENIOR 


Liquidometers and Levelom 
eters are made in a variety 
of sizes both in indicating 
or recording types to suit 
any depth of tank or capacity 





TANK CONTENTS GAUGES 


FOR ANY LIQUID THAT FLOWS 


LIQUIDOMETERS 
100°, automatic in operation. Liquid 
level changes instantaneously indi 
cated or recorded without using out 
side source of power. Remote Read 
ing models utilize an ingenious 
temperature compensated hydraulic 
transmission system, permitting long 
lengths of transmission tubing ex 
posed to varying outdoor tempera 


LEVELOMETERS 
Utilize hydrostatic principle of es- 
tablishing a balance between the 
head of the liquid in a tank to be 
measured and the indicator located 
at a remote point. Dial type indi- 
cation with large easy to read nu- 
merals and graduations. Precision 
built with knife edge-bearings, they 
are rugged, easy to install and con- 


tures. All Liquidometers are float Structed of the finest materials 
operated, eliminating use of pumps, 
valves, etc. and errors due to spe 


cific gravity differences Write for literature 


THE LIQUIDOMETER CORP. 


36-27 SKILLMAN AVE., LONG ISLAND CITY, N. Y. 








MERCURY ARC RECTIFIER PRACTICE 


By F. C. ORCHARD, A.M.L.E.E. 


W ritte e who has intimate “Should be very useful to the plant 
Knowle lye or the snags liable to engineer ar d operator, ar d sh yuld 
arise he selection, installation enable him to consider a rectifier 
ind operation of rectifier plant ge 1yout more intelligently and t 

l ’ | Time nm maintenance and overcome 

4 itv for laborious work bles 7 ore efficier tly.” Dr 

adie ican nike JOSEPH SLEPIAN in Instruments 
ra wading through 


Essentially a pr 


The Engineer $5.00 pr stpaid 


INSTRUMENTS PUBLISHING COMPANY 


1117 WOLFENDALE STREET 


PITTSBURGH, PA. 











INSTRUMENTS’ 


Reports on Progress in Physics 
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The Type VI Direct Reading 
Air Flow Indicator 


A new instrument with all steel cabinet 
and eye level reading scale. It supersedes 
the Type IV Air Flow Indicator which 
has been used by the leading automotive 


laboratories for more than twelve years 


Other instruments accepted as standard 


throughout the industry: 


FUEL FLOW INDICATORS 
ENGINE INDICATORS 
MAGNETIC THICKNESS GAUGES 


ah 
Write for Complete Catalogue 


COMMERCIAL ENGINEERING LABORATORIES 


4612 WOODWARD AVENUE 


DETROIT, MICHIGAN 





New RCA 3” Oscillograph Brings You 
Many New Features at a Popular Price 





This oscillograph, the newest addition to the No. 
150 Series of RCA Test Equipment, includes many 
new features. All the controls, including the spot 
centering controls are on the front panel. Smaller 
size and lighter weight greatly increase the port- 
instrument. And its new 


ability of 


and finer performance make it unusually attractive. 
You'll agree it’s a bargain! 


SPECIFICATIONS 


Radiotrons 
1-884 
Sensitivity 


Amplifier: Response 


Timing Axis 
Controls 
Power Suppl 
Input Power 
Dimensions 


Finish . Blue-gray baked wrinkle lacquer ~streamlined handle 


Total 6 
without amplifier 
deflection. With amplifier—0.5 volt (RMS) per inch detlection 


Front panel forall operations, including centering 


styling 


A 906 (improved type), 2-6C6, 2-80, 
20 volts (RMS) per inch 


. . . Flat. 20-90,000 cycles— Gain 40 
15-22,000 cycles 


110 volts, §0-60 cycles 
50 watts. 
His. WSs. Dit. 





$63.95 Net 








Over 325 million RCA radio tubes have been purchased by radio 


users 


test equipment, it pays to go RCA All the Way 


RCA presents the Magic Key every Sunday, 2 to 3 P. M., E. S. 1 
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In tubes 


NBC Blue 


Netu 


rk 





FOR PROFIT 


RCA Manufacturing Co., Inc., Camden, N. J 


A Service of Radio Corporation of America 



























Make Fuel Waste 
Visible 


with 


APEX 























C02 RECORDERS SAR ae 
Send for New Catalog 118 2 To Ivy a. f 4 a '% 

UEHLING INSTRUMENT CO.  COz:Indicator for boiler a; th | ed 

14 Vesper St. Paterson, N. J. “Lia : < - j 











RADIANT ENERGY 
MEASUREMENTS 


with 


Many Types and 
Ranges 





Eppley Thermopiles 


ONS) 


rhe measurement. of ant em 3 ACCURACY 
) . nsulating mat DURABILITY 
and 
CONVENIENCE 
IN USE 
ASSURED 

















TE EPPLEY LABORYTORY, INC THE GAERTNER SCIENTIFIC CORP. 


1211 WRIGHTWOOD AVE., CHICAGO, U.S. A. 


NEWPORT, RI 























THE PRCA RIDE COMFORT INDICATOR . . . | 


For measuring the riding comfort of motor cars, rail- | 


way passenger cars and air planes. 





It measures “Time Rate of Change of Force” which is | 
the controlling factor in producing discomfort. 


Simple, Compact and Self-contained. 






Write for Catalogue 


COMMERCIAL ENGINEERING LABORATORIES — 


4612 WOODWARD AVENUE DETROIT, MICHIGAN 
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